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Aeroelastic Flutter Sizing with HyperX and NASTRAN 
SOL200 on BWB Aircraft

Napsia Buddhamatya
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Importance of Aeroelastic Flutter on BWBs

▪ BWB generates lift across the entire body 
 → less reliance on traditional wing area

▪ Enables more slender, integrated wing 
structures → thinner and less stiff structural 
components compared to conventional designs

▪ Nontraditional planform geometry alters 
aeroelastic behavior

▪ To reduce weight, composite materials are the 
obvious choice
 → lower stiffness

▪ Reduced bending and torsional stiffness 
increases flutter susceptibility

▪ Flutter analysis is essential to ensure 
structural integrity and flight safety

The body 
adds lift

The tube is 
dead weight

Aerodynamic lift Inertial load
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Wing Flutter Sizing Workflow

Create FEM
Prepare Surface 

Geometry

Mesh Geometry

Apply BCs/Loads

Perform FEM 
Validation Checks 

Run NASTRAN 
SOL101

Perform VMT Checks

Baseline Wing Sizing 

Apply load and 
analysis properties

Import FEM into 
HyperX  

Define design 
properties

Run HyperFEA

Review Sizing Results

Flutter Analysis 
Check on Wing

Apply aerodynamic 
model (panel method)

Import FEM into 
Pre/Post Processor

Perform SOL103 
(normal modes)

Correct local mode 
occurrences

Perform SOL145 
(aeroelastic flutter)

Step 1 Step 2 Step 3 Step 4

HyperX

FEM Pre/Post Processor

Flutter-Free Wing 
Sizing

Import FEM into 
HyperX 

Perform section cuts 
in between rib-bays 

to extract stiffnesses

Apply desired 
stiffness constraints

Run HyperFEA

Review Sizing Results

Flutter Optimization 
Stiffness Sizing

Modify property 
cards to optimization

Import FEM into 
Pre/Post Processor

Create design 
variables

Create responses and 
constraints

Perform SOL200 
(optimization)

Step 5



▪ Objective
▪ Determine weight optimized layout of major wing sub-

structures (i.e., spars, ribs, and skins)
• Partnered with Collier Aerospace to perform trade study 

structural analysis using HyperX software
▪ Study Areas

1. Center Body Spar
2. Inboard Rib Spacing 
3. Outboard Rib Spacing
4. Inboard Mid-Spar
5. Outboard Mid-Spar
6. Forward Spar Chord Location

▪ Outcomes
▪ Understanding of major wing sub-structure’s sensitivity 

to spacing, chord location, etc.
▪ Selection of baseline wing structural layout to be used in 

further studies
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Wing Structural Layout Trade Study – Baseline Wing Sizing

JetZero BWB Aircraft
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Initial Sizing Results

Initial Sizing Does Not Pass Flutter Requirement

FAA requires any aeroelastic flutter to 
occur past 1.15Vd (14 CFR § 25.629)



▪ Trial 1 
▪ Increasing bending and torsional stiffness along the span to match 
“flutter-free” sized wing

▪ Trial 2
▪ Increasing GJ/EI stiffness ratio along the span to match “flutter-free” sized 

wing

▪ Trial 3 
▪ Coupling SOL200 with HyperX to obtain optimized bending and torsional 

stiffness along the span 
▪ Modified properties for HyperX import

©2025 JetZero, inc. All rights reserved. Confidential & proprietary information - do not disclose. 6

HyperX Fluttering Sizing via Stiffness Constraints
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HyperX Section Cut Stiffness Properties

▪ Wing Stiffness
▪ Extracted from HyperX by taking section cuts 

spanwise, in the middle of every bay
▪ Section properties are calculated using 

common industry analytical methods
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HyperX Section Cut Stiffness Constraints 

▪ Wing Stiffness
▪ Applied in HyperX by applying EI and GJ 

minimums for each rib-bay section



         ptimized riginal  aseline
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Stiffnesses Results From HyperX Cross-section Tool

Bending stiffness is 
dominant past this 
span location

Torsional stiffness 
dominant past this 
span location
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Stiffnesses Results From HyperX Cross-section Tool

Bending stiffness is 
dominant past this 
span location

Torsional stiffness 
dominant past this 
span location

Bending 
Stiffness Match!

Torsional 
Stiffness Match!
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Flutter Boundary Results
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Flutter Boundary Results
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Flutter Boundary Results

HyperX Flutter Sized Wing VF within 7% of VD+15%
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Comparing Sizing Results via Dashboard

Trial 1 passed the flutter 
requirement but significantly 
increased the weight

Trial 3 passed the flutter requirement and 
increased the weight but not as much as Trial 1.

Original Baseline
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Controlling Criterion Comparison via Dashboard

                 

Increase in bending and membrane 
stiffness for a flutter-free wing



▪ Outcomes
▪ HyperX may not have innate aeroelastic 

capabilities, but it is extremely powerful and 
has tools available for supporting an 
aeroelastic analysis workflow

▪ HyperX allowed for rapid configuration 
re-sizing
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Key Takeaways
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Continued Development

HyperX sizing results

Seed SOL 200 with 
HyperX sizing results and 
run flutter optimization

Import SOL 200 results 
into HyperX and get 
section stiffnesses

Apply section stiffnesses 
as sizing constraints

Size and run HyperFEA 
with strength, stability, 

and stiffness considered

SOL 200

▪ After completing this work, an 
iterative HyperX-SOL 200 
process has been demonstrated
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Benefit to Iterating HyperX w/ SOL 200

Iterate to work towards closing the flutter boundary overshoot

Higher inboard stiffness required 
for strength + stability…

…relaxed outboard stiffness 
requirements
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