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INTRODUCTION

The democratization of AI since ChatGPT’s release in 2022 
opens the field for research into application of LLM in 
engineering design. 

This paper explores how Large Language Models (LLMs) can 
support and automate aerospace system, demonstrated 
through hybrid-electric.
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Methodology Overview

Structured use of LLMs in aerospace system design involves:

Prompt engineering
Context Engineering

Micro-templates

Python system configurator generation

API integration for interactive design.
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LARGE LANGUAGE MODELS AS BLACK BOXES

The application of LLMs has not so much to do with their internal 
workings. 

AI-scientists does not have much of an edge in the applications of LLM 
over the domain expert. 

At the core the LLM can be seen as a black box that generates an 
output string from an input string.
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Generation of Architectures

Prompt:"Generate a hybrid 
electric aircraft system with a fuel 
cell. Show the result as code for a 
UML-component diagram in 
PlantUML“

The diagram is very basic and not 
entirely correct..



LARGE LANGUAGE MODELS AS BLACK BOXES

The prompt can be structured to have a general pre-defined context prompt 
the can be reused, and one specific part. 

The context-prompt can also contain documents and this can also be used to 
create a Custom GPT that can be saved for later use.
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CONTEXT PROMPT WITH MICRO-
TEMPLATES

Describing design rules ín natural
language and with examples
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Micro Templates in the Context-Prompt
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Example: Hybrid 
Electric Aircraft

Prompt: "Generate a Concept 
for a Hybrid Electric Aircraft 
with Two Propellers and Fuel 
Cells.“

• UML-diagrams can be mapped 
to system libraries for system 
simulation, allowing system 
architectures to be 
manipulated, tested, and 
validated and optimized in 
simulations.



Example: Hybrid 
Electric Aircraft

Prompt: "Generate a concept for 
a parallel hybrid electric aircraft 
for 49 passengers with gas 
turbines, batteries and electric 
motors. Show the architecture as 
code for a component diagram in 
PlantUML format. “



Variation

• Series Hybrid



The Fuzzy Design 

Space when using 

LLM

Design Space defined using LLM 

with context-prompt



Activity Diagrams

Describing the system behaviour and function. This 
can be done using a UML Activity Diagram. Here, 
the LLM can be used to generate a UML activity 
diagram of a flight referring to the previous dialog.

Prompt. "Make an UML activity diagram for 
PlantUML of a flight of the regional fuel cell electric 
aircraft in the example
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Scaling Property of LLM
The scaling property of LLMs 
have to be considered

Just because a simple system 
can be generated, there is no 
guarantee a more complex can 
be generated reliably.
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Task complexity



Python
Configurator
Generation
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Fuel Cell Aircraft
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uml_series = generate_plantuml(

num_props=6,

hybrid_type='series’, 

primary_energy='hydrogen')



Prallel Hybrid Aircraft
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uml_parallel = generate_plantuml(

num_props=4,

hybrid_type='parallel’,

primary_energy='aviation_fuel')



Design Space 

Defined by Coded 

Configuration Rules

Design Space when 

using LLM

Design Space when using LLM 

with context-prompt



DISCUSSION

• Application in UML Component Diagrams:

• The model produced UML component diagrams in PlantUML 
due to its minimalist format and ease of use, facilitating a 
clear representation of system architecture.

• However, other diagram formats can also be incorporated for 
more detailed or specific representations.

• UML diagrams can be mapped to system libraries for 
simulation purposes, allowing system architectures to be 
manipulated, tested, and validated in simulations.
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Use API for Tools to Enable Interactive
use of LLMs
Allow for interactive use of LLM by 
using LLM-API inside a tool

Enables system decomposition
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Importing (AI-generated) System Layout to a System 
Editor to Generate Subsystems/Components

Example: Hybrid Hydrogen 

Fuel-Cell Aircraft



AI Generate Subsystems/Components 
using LLM API-calls within a program



AI Generate Subsystems/Components



API-Prompt
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Use API for Tools to Enable Interactive
use of LLMs

Example 2: Function Means Tree

LLM is used to generate suggestions for alternative solutions
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Use API for Tools to Enable Interactive
use of LLMs
Generating functions for the next level.

26

These means are not correct

but the cost of removing is low



Discussion and Conclusion

Application of AI-generated UML Component 
Diagrams:

Diagrams can be mapped to system libraries for 
system simulation, allowing system architectures 
to be manipulated, tested, and validated and 
optimized in simulations.

LLMs should be used when:

value of the correct answers > cost of the bad 
answers

There is a gap between capabilities of the AI-tools and 
the application of of them in engineering .

27



Announcements
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There is a Workshop on AI in 
Aeronautical Engineering at ITA, Dec 1-2

2025

There is an on-line Postgraduate course 
“Engineering System Design Analytics 
and AI” starting in Feb 2026.

Feb. 2026
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