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Problem Framing



Hybrid-Electric Aircraft Needed!
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RETAS
Network level analysis for 
Scandinavia of future airplanes.

N
eeds

Aircraft Models

• The RETAS project1 needs aircraft models.

• A 90-passenger hybrid electric 
model was needed based on 
demand predictions2.

• This is a small “spin-off”



Mission 
Requirements

Initial sizing

Structural and 
aerodynamic 

estimation

Detailed 
weight 

estimation

Optimization 
and trade 
studies

Aircraft 
Concept

The Aircraft 
Conceptual 
Design Process
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•Payload is given, range is to be 
determined.

•Your iterative design process 
must start somewhere.
–A statistical analysis gives you an 
educated guess.

Statistical 
Analysis

How much weight do you want to transport and where.
Payload: Passengers and cargo 
Range: Defined by battery technology (for hybrid-electric aircraft) 

Top Level Requirements (given)

iterations



Statistics on available designs

• Numerous statistics available based 
on existing aircraft

– Just search it on a graph!

– But what if the design searched 
for does not exist?
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Aircraft plan forms and their relative wetted area.3



Electrified Aircraft Concepts Database
• Multiple concepts have been proposed in 

Academia & Industry.

• Creation of a 52 airplane database

• Data is not clean or complete

– A conventional statistical analysis was 
performed

7

Hybrid-electric aircraft concept.4



What would have happened 
if I had just asked ChatGPT?
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Usage of AI in pre-design 
studies and its comparison 
to conventional statistical 

methods



Method



What are we searching for? 10

How heavy?

Mass

How much mass per 
wing area?

Wing 
Loading

Units: kg Units: kg/m2

𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚
𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝑚𝑚𝑎𝑎𝑎𝑎𝑚𝑚

How much propulsive 
power per kg?

Power 
Loading

Units: kW/kg

𝑝𝑝𝑝𝑝𝑤𝑤𝑎𝑎𝑎𝑎
𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚

𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚

~ 0.1

~ 633

~ 0.14

~ 1.1

~ 0.0005

~ 560,000

How much of the 
vehicle is battery?

Battery Mass
Fraction

Units: -

𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏
𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑏𝑏𝑡𝑡𝑏𝑏𝑏𝑏𝑡𝑡

~ 0.25

• Configuration-independent design parameters



Conventional Statistics Methods

Linear Regression
A linear approximation was applied to 
nPax and the searched variables.

-Logarithmic scale was used for better 
linearization

Singular Variable Decomposition
Only a few parameters can be used to 
represent what appears to be complex 
relations6
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The Great Flight Diagram5



Different question strategies

Since answers are not deterministic, 
for each LLM:

• Questions (always the same) were 
asked sharing or not the table, in 
the same or in different windows.

– 7 questions for each strategy
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The question (always the same):

Give me the estimation for MTOM (in kg), cruise speed (in knots), Wing loading (in kg/m2), 
power to weight ratio (in kW/kg) and battery mass fraction for a HYBRID-ELECTRIC 90 

PASSENGER AIRCRAFT

Based on this table and your own knowledge, give me the estimation for MTOM (in kg), cruise 
speed (in knots), Wing loading (in kg/m2), power to weight ratio (in kW/kg) and battery mass 

fraction for a HYBRID-ELECTRIC 90 PASSENGER AIRCRAFT
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Results



Linear Regression

• R2 coefficient varied from 0.96 to 0.276.

• Went from nPAXMTOM(W/S)(P/W)BMF
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y = 0.4429x + 0.6013
R² = 0.8982
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Singular Variable Decomposition (SVD)

• Aircraft dataset reduced from 52 to 31

• Number of passengers had the highest weight 
in the W-Diagonal.
– Not absurd to predict other parameters from it. 

– All other SVD variables set to zero.
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Maximum Take-Off Mass
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Wing Loading
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Power Loading
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Battery Mass Fraction
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Conclusions



Conclusions
• AI was not used for inspiration9 nor as active decision maker10, but rather as an 

interpolator/ extrapolator (of not easily available data), complementing 
statistical analysis.

– Useful in pre-design studies.

22

Current applications of LLMs in Product Design Activities, mapped 
alongside a generic development process.11 
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