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INTRODUCTION

* The democratization of Al 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.



Methodology Overview

Structured use of LLMs in aerospace system design involves:

* Prompt engineering
* Context Engineering
* Micro-templates

* Python system configurator generation
* APl integration for interactive design.



LARGE LANGUAGE MODELS AS BLACK BOXES

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

* Al-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.

Input string (prompt) - Output string




* 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..

Hybrid Electric Aircraft System

Battery Pack Fuel Cell System

Stores/Supplies
\ Electniﬁver Output

Supplies Power §
Power Control Unit > Auxiliary Systems

}ontrols Power

Electric Motors

}nves

Propulsion System

Figure 1 — Hybrid propulsion system with fuel cell. This diagram is generated with a single prompt i
ChatGPT-4



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.

Context-Prompt

Output string

Specific Prompt




CONTEXT PROMPT WITH MICRO-

TEMPLATES

# Aircraft Propulsion System Configuration

This section details the standard configuration for connecting components
in an aircraft propulsion system, focusing on hybrid systems that
incorporate gas turbines, fuel cells, batteries, and electric machines.

#4 Component Descriptions

— *#Gas Turbine*+: Converts chemical power (M\{ \dot{P}_M %)) from a fuel
source (Fuel Tank or Hydrogen Storage) into rotational power (MR). The
MR port can only be connected to one component.

##«Fuel Cells+: Converts chemical power (%( “dot{P} M \)) from Hydrogen

Storage into electric power (EL).
— **xPropeller++: Converts rotational power inte linear power, i.e., thrust.

#*Gearbox++: Connects one or more rotational power sources (MR) to a
single output rotational power (MR).

- #+Electric Motor/Generator++: Converts electric power (EL) from a Battery
into mechanical rotational power (MR) or vice versa. The MR port can only
be connected to one component.

#*xBattery Packs+: A storage unit that provides electric power (EL). It
can have multiple connections.

## Component Connection Principles

— *xPort Matching++: Ensure that ports on each component are connected
to ports of a similar type on other components. For example, electric
power ports (EL) should connect to other EL ports, while mass flow
ports (A \dot{P}_M %)) should connect to other “( ‘\dot{PF}_M \) ports.
Only include components that are used.

— ##Dashed Connectionss+«: When using dashed lines ("-Tdashed]-"), do not

# Micro Templates
Here are some micro templates that show the style of the UML diagram.
### Propeller Connected to an Aircraft

Y plantuml
#startuml
 Define the components with ports

component "Aircraft Body\nPMX, Aero, states®™ as AircraftBody
component. "Propeller\nPMR,FMX" as Propeller

‘ Connections

Propeller —down- AircraftBody: PMX-— PMX
Y Diagram Title

title Aircraft System with Aircraft Body and Propeller
Benduml

Ve
### Connection Between a Battery and a Motor

VY plantuml

Bstartuml

* Define the components with ports

component "Battery\nPEL, SOC™ as Battery

component "Electric Motor Gen\nPEL, PMR, ctrl™ as ElMotorGen
component "Propeller\nPMR,PMX" as Propeller

component. "Gearbox\nPMR1,EPMR2" as Gearbox

! Connections

Battery -right- ElMotorGen: PEL- PEL1
ElMotorGen —down— Gearbox: PMR— PMRI
Gearbox -right- Propeller: PMR- PMR

! Diagram Title

title Aircraft System with Electric Motor and Propeller
@enduml

L



Micro Templates in the Context-Prompt

m with Alrcraft Body and Propeller

Propefier
x

A it Bady
FMX, Acro, states

Hydrogen Storage
PDotM

Aircraft System with Gas-Turbine and Propeller

1
Fuel Tank
PdotM

Fuel Cell Connected to a Battery

otM-> PdotM

Fuel Cell System
PdotM, PEL ctd

®

h wctrl- ctrl

N E

Control System
Input, SOC,ctrl

PdotM - PdotM

]
Gas Turbine
PdotM, PMR, ctrl

]
Gearbox
PMR1,PMR2

]
Propeller
PMR,F

Battery Fuel Tank

PEL, SOC PdotM

,750C- S0C

=

dotM- PdotM

Aircraft System with Dlectric Motor and Propel

PEL-PELL | Electric Mator Gen

PEL, PP, ctrl
PMA- PHR1

PMR- PMA
Gearbax

PMIAL PMAZ

Gas-Turbine Series Hybrid

Gas Turbine PMR- PMR Generator System
PdotM, PMR, ctrl PMR, PEL,ctrl

s

- ctrk ctrl ctri- ctrl
'

- L

Control System

Input, SOC,ctr

Battery
PEL, SOC




Vertical Layout - Redundant Hybrid-Electric Propulsion (Fuel Cell)

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

Two-Propeller Series-Hybrid Electric Aircraft with Gas-Turbine Generators

Fuel Tank Controller
ctd, SOC

Gas Turbine 1 Gas Turbine 2

PdotM, MR PdotM, MR :
v

/SOC Monitoring

‘
SOC Monitoring

'
|

() !

Generator 1 Generator 2 K
MR, EL !

MR, EL
\

NEL

Electric Motor 1 Electric Motor 2
EL, MR EL, MR

Propeller 1

Propeller 2
MR, MX

MR, MX

Aircraft Body



Design Space defined using LLM  The Fuzzy Design

with context-prompt Space when using
LLM




Flight Profile of Fuel Cell Hybrid-Electric Aircraft

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




Scaling Property of LLM

* The scaling property of LLMs Accuracy
have to be considered

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

Task complexity
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Python Configurator Generation - Interaction Diagram

| LLM | ‘ Python Cnnﬁgurator| ‘ UML Renderer

I . 1 | |
 Initial Prompt |

Provide context + specific prompt

i,
F

_ Return draft UML diagram

Pyt hon [ Raview and Renement ]

Review UML and request Python configurator

C O n fl g U ra to r < Deliver Python configurator script

|_|._|
O IExecutlnn I . .
G e n e ra t I O n Run script with input configurations : o :
X . Generate UML diagrams _,
_ Display generated diagrams X | |
ﬁ ] ]
IVaIldatlun I : :
Provide feedback or approval - | |
__ Final refined Python code and UML diagrams | | |
er | LLM | ‘ Python Conﬁgurator| ‘ UML Renderer




Fuel Cell Aircraft

uml_series = generate_plantuml
num_props=6,

hybrid_type='series’,

primary_energy='hydrogen’

Battery Pack 1
EL, 50C

Blectric Motor/Generator 1

Electric Mator/Generator 2 Electric MotoriGenerator 3 Electric Motor/Generator 4 Electric Mator/Generator 5 Electric Motor/Generator 6
MR, EL, ctrl MR, EL, ctrl MR, EL, etrl MR, EL, ctrl MR, EL, ctrl MR, EL, etrl

MR - PMR

Propeller 1 Propeller 2 Propeller 5
PMR, PMX

PMX - PMX

= Aircraft Body
PMX, Aero, states




Prallel Hybrid Aircraft

U ml_pa ra ”el = generate_pla ntU m |( Parallel Hybrid (Aviation Fuel) with 4 Props, 2 GTs

Controller
-

nuM_props=4, |

Gas Turbine 2 Gas Turbine 1

/i te | DEDC Converter | EL-EL | Batery Pack
. 1 / PdotM, PMR, Pdoth, PMR, ctrl et EL EL EL, 50C
hybrid_type='parallel ' ‘ -
— I —

p ri m a ry_e n e rgy — 1 a Vi at i O n_fU e | 1 ) PMR - PMRL ( PMR - PMRL m élenﬁc Motor/Generator 1 Electric Motor/Generator 4

EL, MR, ctrl EL, MR, ctrl EL, MR, ctrl

Gearbox 2 Gearbox 1
PMR1, PMR2 PMR1, PMR2
S
\
\PMR2 - PMR IPMR2 - PMR PMR2 - PMR
\
\
PR S,

Propeller 2 Propeller 1 Propeller 4 Propeller 3
PMR, PMX PMR, PMX PMR, PMX PMR, PMX

Gearbox 4 Gearbox 3
PMR1, PMR2 PMR1, PMR2

PMX - PMX \PMX - PMX
N

Aircraft Body
PMX, Aero, states
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Design Space when using LLM
with context-prompt

Design Space
Defined by Coded
Configuration Rules

Design Space when
using LL.M



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.

19



Use API for Tools to Enable Interactive
use of LLMs

* Allow for interactive use of LLM by
using LLM-APl inside a tool

Accuracy

* Enables system decomposition

Task complexity

20



Importing (Al-generated) System Layout to a System
Editor to Generate Subsystems/Components

7

File Actions

Add Part

Connect Nodes

Example: Hybrid Hydrogen

Fuel-Cell Aircraft
Generate Simple Al Nodes Motn{r Control T\nEll, EIZ otar Control 2\nEll, EI2

?gotor TynEl, M}l ?gotor 2\nElL M

Delete MNodes Below
ropeller TinM ropeller 2inM

Delete Other Means
Hide Node
Hide Nodes Below

Unhide Nodes Below




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

Hydrogen Storage Fuel Cell\nH2, B ; . ContrellerinBl1, EI2

Storage Tank | (Pressure Relief Feed Valve Safety Sensors| Cocling System $

otor 1\nEl, MR otor 2\nEl, MR

Propeller 2\nME




Al Generate Subsystems/Components

__——

Iptteny 2\ SO
Insulation Mat| |alving System| lonitoring Sys| pport Frame| BRLenAnE i
Mame: Safety V .

: Motgr Contrel T\nEll, EI2 Motgr Control 2\nEll, EI2

Aotor 2YnEl, ME.

lotor ThnEl, ME.

Propeller T\nM

Propeller 2\

Flap Mechanis ! ntrol Panel




R Tn L e

# Gather parent context for AI prompt
def gather_parent_context{node_id):
for edge in connection_manager.edges:
if edge["to"] == node_id:
parent_node_id = edge["from”]
parent_nocde = self.nodes[parent_node_id]
return gather_parent_context(parent_node_id) + [parent_node["name"]]
return []
parent_centext = " » ".join(gather_parent_context(selected_node_id))
comment = selected_node.get("comment”, "").strip()
node_info = "' {selected_node[ "'name']}""
if comment:
node_info += " (Comment: {comment})”

# Embedded instructions for generating Part nodes

instructions = """

You are working on generating parts for a system design

Use the following rules for generating Part nodes

1. For a 'Part', generate up to 9 sub-parts that can integrate into the parent node.

2. Each sub-part should represent a distinct functional or structural component of the parent

3. Each sub-part should have a concise name (€15 characters) and a short description of its role
4.

Ensure sub-parts are diverse and cover various aspects such as structural, mechanical, electrical, or signal-related element

Format:
- Name: [Suggestion Name]
- Comment: [Suggestion Role/Description]

prompt = """

{instructions}

Context: The current node is part of a system hierarchy '{parent_context}’

to design the part '{selected _node[ 'name']}'.

The selected node is {node_info}.

Suggest exactly 9 Part sub-nodes for this '{selected node[ 'name']}'.

Each Part node should have a name (215 characterz) and a description (258 characters).

import openai
openai.api key = self.api key

print("Prompt:"”, prompt)

try:
response = openal.ChatCompletion.create(

model="gpt-4c-mini",

messages=[
{"rele": "system", “"content™: instructicns},
{"rele": "user", "content": prompt}

1

max_tokens=25@

)

raw caontent = response. choiceslé1 mes<are cantent

Prompt:
You are working on generating parts for a system design.
Use the following rules for generating Part nodes:
1. For a 'Part', generate up to 9 sub-parts that can integrate into the pare
2. Each sub-part should represent a distinct functional or structural compon
3. Each sub-part should hawve a concise name (215 characters) and a short des
4. Ensure sub-parts are diverse and cover various aspects such as structural
Format:
- Mame: [Suggestion Name]
- Comment: [Suggestion Role/Description]
Cantext: The current node is part of a system hierarchy 'Hydrogen StoragehnH
to design the part 'safety Vent'.
The selected node is "Safety Vent' (Comment: Releases excess pressure to pre
suggest exactly 9 Part sub-nodes for this 'safety vent'.
Each Part node should have a name (215 characters) and a description (58 ch
Raw AI response: - Name: Pressure Relief

- Comment: Opens to release excess gas pressure.

Name: Check Valve
- Comment: Prevents backflow of hydrogen gas.

name: Safety Seal
- Comment: Ensures airtight closure to prevent leaks.

Name: Flow Meter
- Comment: Measures the rate of hydrogen flow.

Name: Vent Cap
- Comment: Covers the went when net in use.

Name: Temperature Sensor
- Comment: Monitors vent temperature for safety.

Name: Pressure Gauge
- Comment: Displays current internal pressure levels.

Name: Vibration Damp
- Comment: Reduces vibrations during wvent operation.

Name: Warning Light
- Comment: Illuminates for safety alerts during cperation.



Use API for Tools to Enable Interactive
use of LLMs

* Example 2: Function Means Tree

* LLM is used to generate suggestions for alternative solutions
# Function-Means Tree Editor

lode

ssssss
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Use API for Tools to Enable Interactive
use of LLMs

* Generating functions for the next level.

[ . .
I , Function-Means Tree Editor

These means are not correct
but the cost of removing is low

’ Use drone

Generate Al Nodes
Generate Al Parte v Provide thrust [Provide navigatic
Edit Mode




Discussion and Conclusion

* Application of Al-generated UML Component
Diagrames:

« 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:

e value of the correct answers > cost of the bad
answers

* Thereis a gap between capabilities of the Al-tools and
the application of of them in engineering.

27



Announcements

’ 2025

There is a Workshop on Al in
Aeronautical Engineering at ITA, Dec1-2

I
I
1
1
I
I
I
I
I
é

There is an on-line Postgraduate course
“Engineering System Design Analytics
and Al” startingin Feb 2026.

‘ Feb. 2026
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