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Greenhouse Gas and Global Warming

• Global mean surface temperature has risen: 
in 2020 was 1.2 degrees warmer than pre-
industrial baseline (1850-1900). 

• Methane is second biggest contributor to 
global warming after CO2, and is 25 times as 
potent at trapping heat.  

• Detecting methane is a critical to addressing 
global warming.

Global Methane Levels from year 1700 to 2020  
[Source: 2 Degrees Institute]
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GHGSat Constellation Mission

Picture of GHGSat-C3, GHGSat-C4 and GHGSat-C5 [Source: GHGSat Inc.]

• Constellation developed for GHGSat Inc. to provide remote-sensing of atmospheric methane.  

• GHGSat-C3/C4/C5 are latest three microsatellites in the growing constellation.

GHGSat-C3 
(Luca)

GHGSat-C4 
(Penny)

GHGSat-C5 
(Diako)

GHGSat Constellation Mission Patch
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NEMO Spacecraft Bus
NEMO: Next-generation Earth Monitoring and Observation

Imager

Batteries

Avionics

Imager Baffle

Imager Radiator
Hemispherical 

Antennas

Nadir Downlink 
Antenna

Solar Cells

43D Rendering of GHGSat Spacecraft 3D Rendering of GHGSat Spacecraft Tray Assembly

x
z

y



Launch Opportunities for Small Satellites
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Dispenser Ring 
(ESPA Ring)

15” Port

24” Port

Rendering of Falcon 9 Second Stage and Payload Fairing Separation 
[Source: SpaceX]

Falcon 9 Dispenser Ring Stack 
[Source: SpaceX]



Custom Adapter for GHGSat-C3/C4/C5
XALT – XPOD Adapter for Launch in Trio

15” Adapter 
Port Interface

Launch Vehicle 
Dispenser Ring

3 x GHGSat Spacecraft in 
XPOD Dispenser

XALT Structure  
(unloaded)

6View of XALT mounted on the SpaceX 15” Interface Ring XALT Adapter with mounted Spacecraft



Spacecraft and Dispenser
XPOD – SFL’s dispenser for NEMO spacecraft

7Illustration of XPOD Delta Deployment Sequence



Volume Requirements

Allowed Payload Volume on 15” Diameter Port 
[Source: SpaceX]

REQ-004: XALT’s mass and volume shall remain within the maximum mass profile and volume envelope   
specified by SpaceX

Allowed Payload Mass on Rideshare Launch 
[Source: SpaceX]

$5,000 cost penalty for each 
additional kg above 200 kg 
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XALT CG



GHGSat-C3/C4/C5 Volume

• Entire launch payload fits within the allowed payload volume. 
• Volume swept by door opening is accounted for.

Front and Top View of GHGSat-C3/C4/C5 Launch Payload inside Allowed Volume 9



Mass Usage (kg)

Remaining Available
262.7

Harness
1.8

3 XPODs
28.0

3 Spacecrai
47.5

XALT
99.9

Mass of XALT with GHGSat-C3/C4/C5

GHGSat-C3/C4/C5 Launch Payload Mass Allocation Breakdown

Mass margin: 59%

GHGSat-C3/C4/C5 Launch Payload in Flight Configuration

Allowed mass: 440 kg 
XALT Total: 177.2 kg < 200 kg
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How are XPOD Dispensers Mounted?
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• Worst-case deployment error: 5°  
• Each XPOD dispenser inclined 5° by  mounting bosses

XPOD Delta Showing Worst-Case Deployment Path of Spacecraft View of Top XPOD Platform and its four Mounting Bosses

REQ-003: XPODs should be mounted such that there is at least 10° angle separation between their deployment axis.

Spacecraft deployment 
maximum volume envelope



Spacecraft Ejection Ensures no Collisions

12Side View of Worst-Case Spacecraft Ejection Path

The XPODs are positioned such that in the worst case, the spacecraft ejection path will be parallel.

Top View of Worst-Case Spacecraft Ejection Path
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XALT Design Validation & Testing
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Maximum Predicted Launch Environment

• Each payload mounted on the rocket must withstand 
the maximum predicted launch environment. 
• Static loading (launch vehicle acceleration) 
• Dynamic loading (vibrations) 
• Shocks

Falcon 9 Rocket Launch in November 2020 [Credits: ESA] 
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Quasi-Static Load

• For a mass of 177 kg: 
• Axial Load Factor: 5.84g 
• Lateral Load Factor: 11.5g 

• Load Factor rounded up to 12g. 
• Design Safety Factor of 2 is applied. 
• Quasi-static load analysis performed 

using 24g in each direction.

15

Rideshare Payload Design Load Factors [Source: SpaceX]

REQ-006: XALT shall withstand the maximum load factor with positive stress margins including a safety factor of 2.



Quasi-Static Load: FEM
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FEM of Launch Payload Constraints Applied in the FEM



Quasi-Static Load: Maximum Von Mises 
Stress
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Von Mises Stress Contours for Loading in -Z Direction

Max Von Mises Stress in Each XALT Part for Loading in -Z

Max Von Mises Stress: 269 MPa 
Material Yield Strength: 503 MPa 
Stress Margin: 46.52%

Interface Ring

XALT Baseplate



FEA Results: Bolt Load and Stress
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XALT M8 Bolt Stress Margin and Joint Separation Safety Margin

• A bolt load analysis was performed to ensure bolt failure and joint separation does not 
occur during worst-case quasi-static loading. 



Modal Analysis: FEM
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Isometric Views of the GHGSat-C3/C4/C5 Finite element Model used for Modal Analysis

REQ-007: The entire payload structure’s first natural frequency (FNF) shall be above 40 Hz to avoid resonance with the launch vehicle.



Normal Modes

List of Normal Modes

• Modes with highest mass fractions in X, Y and Z will dictate the expected FNF when the payload is excited in the 
X, Y and Z direction respectively. 

Mode Shape at Mode 1 (57.18 Hz)

[48% Mass Fraction along X]

[46% Mass Fraction along Y]

[33% Mass Fraction along Z]
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Frequency Decoupling
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Known XPOD FNF from Past Testing 

Comparison of Payload FNF and each XPOD’s on-axis FNF

REQ-008: The FNF of the entire assembly shall be decoupled from each XPOD’s on-axis FNF by at least 15% to avoid amplifying resonance.

41.7 Hz 
11.6 Hz 
30.8 Hz

Min Frequency 
Decoupling

Top XPOD

Bottom XPOD

Side XPOD
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Vibration Testing Setup

XALT Testing Setup Accelerometer Installed on a Mounting Leg

3 Uniaxial Accelerometers (X, Y, Z) 
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Vibration Testing Levels

• Single Unit Approach: Apply protoqualification test 
levels on flight unit(s) 
• Quasi-static (sine-burst) test 
• Sine vibration test 
• Random vibration test 
• Shock test  

• All protoqualifcation test profiles were provided by 
SpaceX and are applied at the ring interface.

23XALT Testing Setup on Shaker Table



Random Vibration Test Results

24

FNF obtained from Simulation VS Experiment

Compilation of Random Response for each axis measured for EM XPOD



Low Level Sine Test Results

• Low level sine sweep test is performed at the very 
beginning and at the very end of the testing. 

• Used to track changes in the natural frequencies. 

• Maximum FNF shift of 3 Hz (5% difference) was 
observed for data recorded in the Z axis.

Low Level Sine Response Data along Z-axis 25

3Hz Shift



Post Vibration Test Verification

• Once all vibration tests were complete, the following verifications were performed: 
• Visual inspection for damage or signs of wear and tear. 
• Torque verification on each bolt to verify for any loosening. 
• XPOD deployment test to verify that the deployment mechanism was still functional.

XPOD Deployment Test (before)

Door opened (partially)

Cord is burned

Door closed

Cord holds door

26
XPOD Deployment Test (after)



XPOD & Spacecraft Testing Profile
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Random X Test Specification for Loaded XPOD

• Loaded XPOD testing profiles were generated using the test data recorded at the mounting legs. 
• Profiles were enveloped using NASA guidelines for spacecraft vibration testing [source: FEMCI guidelines].

GHGSat-C3 Setup for Testing in X Direction 



Launch of GHGSat-C3/C4/C5

• GHGSat-C3/C4/C5 was launched onboard a Falcon 9 as 
part of the SpaceX Transporter-5 Rideshare mission. 

• Transporter-5 Launch:  
• Launched May 25th 2022, 2:35pm ET 
• Carried 59 Payloads to low Earth orbit

28Transporter-5 Launch [Credits: SpaceX]



GHGSat-C3/C4/C5 Deployment in Space

29Payload Deployment [Source: SpaceX]



Thank you! Questions?
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XALT Base Plate

15” Mechanical 
Interface Ring Hex Head Screw with 

Nord-Lock Washer

XALT Mounting

View of 15” Interface Ring attached on XALT Baseplate 

REQ-001: XALT shall mount on the 15” diameter Interface Ring with thru-holes.
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Wire Harness Considerations
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Top XPOD Harness

Bottom XPOD 
Harness

Side XPOD Harness



Ground Handling Considerations
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EM XPOD Placement - XALT Testing

• Two objectives for XALT vibration testing:  
• 1. Measure most severe response of the 

payload using a mass model 
• 2. Measure the response at interfaces where 

XPODs mount to XALT 

• Only one EM XPOD and spacecraft mass 
model available, and only seven three-axis 
accelerometers available  
• Preparation required: select locations for 

accelerometers and EM XPOD with 
spacecraft mass model 
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XALT with XPOD/mass model and mass dummies for testing



Analysis Prior to XALT Test
• Original FEM used to predict random vibration response 

• Responses plotted and enveloped to compute . 3 XPODS with 3 response 
axes each. Below: 

𝐺𝑟𝑚𝑠
𝐺𝑟𝑚𝑠 = 8.56 𝑔
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FEM: +Y XPOD Y-Axis Random Responses
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Setup Used for Testing

Accelerometer placement
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XPOD  Summary (g)
XPOD Position +Y (side) +Z (top) -Z (bottom)

X Axis Response 8.45 7.85 8.49
Y Axis Response 8.56 8.03 7.68
Z Axis Response 7.89 6.64 7.03

Average 8.30 7.51 7.73

-Z face (bottom)

+Y face 
(side)

+Z face (top)

Local XPOD response



FEA Results: Bolt Load and Stress
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XALT M8 Bolt Stress Margin and Joint Separation Safety Margin

> 0

• A bolt load analysis was performed to ensure bolt failure and joint separation does not 
occur during worst-case quasi-static loading. 



Low Level Sine Test Results

Low level sine sweep test is performed between each test to track changes in the first natural frequency 
FNF shifted by a maximum of 3 Hz (0.5% difference)

Low Level Sine Response Data along X-axis Low Level Sine Response Data along Z-axis 38



Model Correlation

Payload Test Levels 
Acceptance 

Qualification 
Protoqualification

XALT Structure 
Amplification/Attenuation

+Z XPOD Interface 
(feet)

-Z XPOD Interface 
(feet)

+Y XPOD Interface 
(feet)

Spacecraft/XPOD 
Test Levels 
Acceptance 

Qualification 
Protoqualification

Spacecraft/XPOD 
Test Levels 
Acceptance 

Qualification 
Protoqualification

Spacecraft/XPOD 
Test Levels 
Acceptance 

Qualification 
Protoqualification39



Model Correlation FEM Setup

XALT Testing Setup Model Correlation FEM Setup

EM XPOD XPOD Dummy

• Generate a finite element model representative of the test setup.
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Random Response Data – Iteration 1
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Results only shown for side XPOD for X and Z axis only.  
Frequency range limited to [20 Hz to 400 Hz] since it contains all relevant XPOD FNF. 

X-axis Random Test ASD Response for Side XPOD – Initial  Z-axis Random Test ASD Response for Side XPOD – Initial   



FEM Tuning

• Increase the head size of bolts  

• Tune the CBUSH stiffness values  

• In the ASD plot, a peak can be shifted left/right by decreasing/increasing the stiffness of the bolted 
connection in the region of highest deformation in the mode shape. 

42
Displacement Contours for a Given Mode Shape

Incease bolt head size



Random Response Plot - Final

43

X-axis Random Test ASD Response for Side XPOD – Final  Z-axis Random Test ASD Response for Side XPOD – Final   



Viscous Damping Tuning
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Viscous Damping Factor for each Mode up to 400 Hz

Suggested Viscous Damping Factor



Grms Comparison

•  represents the overall energy or acceleration level of a random vibration profile.𝐺𝑟𝑚𝑠
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Comparison of  obtained for Simulated and Test Data 𝑮𝒓𝒎𝒔


