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➢ Introduction to the ARRM-SEP* Bulkhead Concept (“Octo-pants”)

➢ Design and Analysis Requirements

➢ CAD and FEM (Finite Element Model)

➢ Analysis Process using HyperSizer and Nastran (HyperFEA)

➢ Results

➢ Conclusions 

Outline

*Asteroid Redirect Robotic Mission - Solar Electric Propulsion  
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ARRM and SEP

➢ In 2015, the Asteroid Redirect Robotic Mission 
(ARRM) was intended to send the Asteroid 
Redirect Vehicle (ARV) to the surface of an 
asteroid to retrieve a 20 t boulder.

➢ The ARRM would be enabled by high-power 
Solar Electric Propulsion (SEP) using Hall 
thrusters and xenon fuel.

➢ The SEP is an essential part of future missions 
into deep space with larger payloads.

Bulkhead 
location
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Design and Analysis Requirements

➢ Design Requirements from GRC:

➢ Positive margins under the load cases below

➢Delta IV Heavy load cases: 

➢6g axial, 0.5g lateral

➢2.3g axial, 2g lateral

➢ -2.0g axial, 2g lateral

➢Factor of Safety = 1.4

➢ Frequency in axial mode > 15.5 Hz

➢ Buckling knockdown factor=0.65 for curved panel (NASA SP-8007): 
initially, the lowest eigenvalue 1.0FS/0.65=1.54; later, eigenvalue 
incorporating 1.4 FS.

➢ Analysis Requirements:
➢ Mesh density (basically match the GRC model mesh density in the skirt, can be 

easily modified if needed with topologically mesh-able geometry)   

➢ Boundary Condition: (in a cylindrical coordinate: R=free; θ and z fixed) (typical BC 
for cylindrical structure)

ARV
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Primary Structure Design:  
Load Path Analysis
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Primary Structure Design:  
Bulkhead Shape Study

7/1/2025

SEPM 

from 

GRC

Brainstorm 
structures

“Octopants” chosen
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Bulkhead Concept CAD and FEM

➢ State-of-the-art practice (average for stiffness modulus; 
B-basis for ultimate strength) 

➢ M55J/954-3 unidirectional tape from ORION MATERIALS 
AND DESIGN ALLOWABLES

➢ [-45/0/45/90]2S
➢ Enveloped by typical failure theories (Max Strain, 

Hoffman, Tsai-Hill, Tsai-Hahn, Tsai-Wu)

➢ CTE calculated from unidirectional tape from ORION 
MATERIALS AND DESIGN ALLOWABLES

Shell elements Lumped massRBE2 and RBE3(link to hardware image)

Shell elements Lumped mass

RBE2 and RBE3
(link to hardware image)
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Initial FEM Details 
10 Components for Sizing

RCS* tank

mass=400 kg

NDS* mass=162 kg

Tanks = 8 x 125kg

(fuel mass added later) 

RBE2 and RBE3

skirt top skirt bottom

pants top
pants 

bottom

stiffener 

panels
flat panel

internal stiffener

tank ring 

bottom

tank ring top 1 tank ring top 2

Boundary Condition:

cylindrical coordinate

23 fixed on skirt top edge

*RCS = Reaction Control System (Hydrazine Tank)

NDS = National Docking System
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Bulkhead Concept in HyperSizer

• 10 components shown as Panel #1 to Panel #10

• 9 local cylindrical coordinates to define material 

orientations for composite M55J (Worked with 

HyperSizer to get correct material orientations for all 

10 components with updated versions) 
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Sizing in HyperSizer for Tank Ring Top 1

1/10 of All Components

Link to full 

properties
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Analysis Process 1 (1/3)
Strength (MS>0.0), Buckling (Eigenvalue>1.54), and Frequency (>15.5 Hz)

150 lb-m to meet all 

design requirements
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Analysis Process 1 (2/3)
Strength (MS>0.0), Buckling (Eigenvalue>1.54), and Frequency (>15.5 Hz)
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Analysis Process 1 (3/3)
Strength (MS>0.0), Buckling (Eigenvalue>1.54), and Frequency (>15.5 Hz)
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Analysis Process 2 (1/3)
Strength (MS>0.0), Buckling (Eigenvalue>2.15), and Frequency (>15.5 Hz)

129 lbs design satisfies or exceeds all 

design requirements even if buckling 

requirements are increased

(Analysis process 1:  

150 lbs mass met all design requirements)
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Analysis Process 2 (2/3)
Strength (MS>0.0), Buckling (Eigenvalue>2.15), and Frequency (>15.5 Hz)



16

Analysis Process 2 (3/3)
Strength (MS>0.0), Buckling (Eigenvalue>2.15), and Frequency (>15.5 Hz)
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➢ This structure was previously sized in 2015, using HyperSizer. We 
decided to give it a whirl in HyperX, using the latest composite 
optimization tools. 

➢ HyperX has many new tools that are useful for sizing composite 
laminate structure, including.. 
• Global buckling and frequency optimization (HyperFEA)

• Automatic laminate family creation

• Laminate study tools to evaluate the producibility of laminate families 

• Global ply sequencing and visualization tools

• Export/Import ply books to Catia and FiberSim

Let’s Give it a whirl in HyperX
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➢ Note that ‘HyperX Solver’ used for this study

Global Frequency Sizing with HyperFEA

Minimum ‘axial’ frequency = 15.6 Hz

Iterated wt (lbm) = 126.8
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Stiffness Requirements to Achieve 15.5Hz
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Laminate Sequencing and Visualization Tools

Interleaved Laminate family
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Conclusions

➢ WRT mass optimization, the frequency design requirement was 
the primary design driver, followed by the strength design 
requirement and buckling design requirement. 

➢ The frequency design requirement was less sensitive to weight 
change than the buckling design requirement. 

➢ Running buckling analysis with higher eigenvalue assisted in 
achieving the frequency design requirement with a lower mass 
for the SEP ARRM bulkhead structure. 
• Buckling analysis was shown to identify overall structural stiffness design 

weaknesses for stability examination and also resulted in an optimized 
bulkhead geometry for achieving the frequency design requirement at a 
lower mass than previous design concepts.

➢ Primary lesson is to adapt our design/analysis process to 
include an early sensitivity study for buckling eigenvalue vs. 
natural frequency, optimizing for mass.
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QUESTIONS OR COMMENTS?
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Laminate Study Tool

7/1/2025
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Supplemental Section
HyperX processes run on the 2015 model

7/1/2025
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Contact us: www.collieraerospace.com

Octopants Re-creation Update

John Gillespie
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