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Evolved Structures Inspiration
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“AI is one of the most important things humanity is working 
on. It is more profound than, I dunno, electricity or fire,”

-Sundar Pichai (Google CEO, 2018)



AI for All: LLM Foundation
• NASA’s Secure Cloud

• ChatGSFC

• LLM API Portal

• AI-Coding (Claude Code etc)

• Avoid Lock-in
• Anthropic Claude
• Gemini (Google Workspace)
• CoPilot (M365)
• ChatGPT Enterprise (SCaN)

• Data connections 

• Empower workforce 50,000+
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The Jagged Frontier of AI
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• Data
• CAE tools
• Simulation
• Bits-to-Atoms gap
• Slow iteration



Change is Coming
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• Software tools
• Innovative product companies

• Divergent
• Boom
• Proteus Space
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The Mental Model

• Text-to-Spaceship Vision
• Iron Man’s JARVIS

• Computers aren’t just 
calculators

• They are collaborators



Image Source: https://www.jpl.nasa.gov/news/nasa-mission-will-study-the-cosmos-with-a-stratospheric-balloon

NASA EXoplanet Climate Infrared Telescope 
(EXCITE, Peter Nagler)

40 km

Telescope

Tip/Tilt 
assembly



2 Engineers:
2 days

4 Iterations
Performance

Manufacturing

1 Engineers + AI:
1 hour

>100 iterations
Lighter, 3x Stiffer, 10x Stronger

Manufacturing

Traditional Structure Evolved Structure
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Evolved Structures Checklist
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Text-to-Structure
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The Playbook: AI for Hardware
• Example: Text-to-Structure

• Automate an engineering process
• Select simulation/design engines

• Standardize the Inputs and Outputs

• Document the design process

• Create automated workflow

• Verify with Evals

• Scale using cloud deployment

• Connect to Agents
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Evolved Structures Checklist
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Telescope 
Supervisor Agent

Optical Design 
Agent

Python-based 
reinforcement 
learning AI tool

Ray Trace Engine

Optomechanical 
Design Agent

Computational 
design tool for optical 

mounts

CAD Engine

Analysis Agent

Mechanical 
Analysis Tool

Simulation Engine

Reporting Agent

Documentation 
generation tool

Requirements 
Decomposition Tool

Text-to-Telescope
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Simulation Engine

Cheaper

Faster
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ryan.s.mcclelland@nasa.gov 26



The Role of AI Agents
• Convert our goals into standard INPUTS

• Help apply KNOWLEDGE

• Apply common sense and INTUITION

• Orchestrate automation TOOLS

• Communicate with other AGENTS

• Help us interact with OUTPUTS

• Act as design COLLABORATORS
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Satellite Lead 
Agent

Telescope 
Design Agent

Optical Design 
Agent

Optical Mount 
Agent

Analysis Agent
Reporting 
Agent

Orbital 
Dynamics Agent

Battery Design 
Agent

Reaction 
Wheel Design 

Agent

Harnessing 
Agent

Reporting 
Agent

• An ecosystem of cloud-deployed, agent-accessible design tools
• Linked by agentic orchestration layer

• Agents access both INTERNAL and EXTERNAL tools and agents (API/MCP/A2A)

The Agentic Engineering Future

28



Text-to-Spaceship in Action

BOOP! Piggyback

T2S-1 Payload
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Conclusion

• AI is radically changing the way missions are developed

• Accelerate development and unlock game-changing performance 
improvements

• Accelerate our understanding and exploration of the universe
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”It is difficult to say what is impossible, for 
the dream of yesterday is the hope of today 
and the reality of tomorrow.”
- Robert H. Goddard

YouTube recording LinkedIn



Backup
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Image Source: https://www.jpl.nasa.gov/news/nasa-mission-will-study-the-cosmos-with-a-stratospheric-balloon

NASA EXoplanet Climate Infrared Telescope 
(EXCITE, Peter Nagler)

40 km

Telescope

Tip/Tilt 
assembly



Application Example: Human Designer and Analyst
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Stiffness
Mass

Manufacturing

Stiffness 
Mass

Manufacturing

Stiffness 
Mass

Manufacturing

Stiffness
Mass

Manufacturing

Iteration #1 Iteration #2 Iteration #3 Iteration #4



Evolved Structures: Paradigm Shift
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Design 
requirements 

and goals

Designer creates 
CAD model

Analyst checks 
against 

requirements

Designer 
generates 
drawing

Machinist 
evaluates 
drawing

Fabrication

Design 
requirements and 

goals

AI Generates 
Designs; checks 

requirements and 
fabrication

Digital 
Manufacturing

Traditional Process

Months-Years

Evolved Structures Process

Hours-Days

Engineer 

focuses on 
requirements

Demonstrated: Requirements to parts in-hand in <48 hours



Digital Manufacturing
• Manufacturing processes makes parts directly 

from CAD files
• CAD to Machine code (e.g., gcode)

• Robot runs the code and makes the part

• Automated CNC 
• Computer Aided Manufacturing (CAM) creates gcode

• CNC robot runs the gcode

• Exception: Protolabs – automated machine shop

• Additive Manufacturing (AM, 3D printing)
• Slicer software generates gcode from CAD

• AM robot runs the machine code – e.g. L-PBF

• Digital Manufacturing ≠ Additive Manufacturing
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Image source: https://www.ge.com/news/reports/these-engineers-3d-printed-a-mini-jet-

engine-then

Image source: https://www.youtube.com/watch?v=Byj1ON4x4vY

Image source: https://www.protolabs.com/services/cnc-machining/
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Validated by Test

“One good test is worth a thousand expert opinions.”
-Wernher von Braun



Generative Design: How the process works
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User inputs
Create voxel 

mesh of design 
space

Run Topology 
Optimization

Output results 
for user review

Reconstruct 
CAD model of 

selected 
outputs

AI: Computer systems able to 
perform tasks that normally 
require human intelligence



Evolving an optimal spaceship - Combining 
Digital Twins, MBSE, and Artificial Intelligence
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Organism’s DNA 
evolves though 
generations in 

response to the 
environment

Organism

Environment

• Discrete interconnected systems
• Skeletal system
• Muscular system
• Nervous system
• etc

Goal: surviving offspring

• Geography
• Temperature
• Food sources
• etc

Digital Twin design data 
evolves through iterations in 

response to simulated 
environments 

(analysis/IM/MBSE)

• Discrete interconnected systems
• Structures
• Propulsion
• C&DH
• etc Goal: science data return

• Orbit
• Thermal environment
• Science data targets
• etc

Spacecraft

Environment

Enable more science per dollar by automating 
spaceflight hardware development with Digital 
Engineering technologies, while infusing high-

value intermediate technologies
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