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• Abnormal acceleration may not always be obvious to the crew

• Only the most serious cases get noticed and investigated 

• Do we really understand the true scale of the problem?

Why not use FDM to get the full picture?



EOFDM Recommendation

WGA05 “Slow acceleration”: Develop means to measure acceleration during the 
takeoff roll and detect abnormal values, taking in consideration the various factors 
that affect the takeoff performance.



Usefulness of “Abnormal Acceleration on Take-off” event:

For operators:

• Improved awareness of 

operational risk

• Opportunity to strengthen 

safety barriers (proactively)

• Data to support 

tactical/financial decisions 

about optional hardware

For regulators:

• Improved awareness of 

operational risk

• Promote adoption of best 

practices

• Data to support impact 

assessment of new 

regulation



FDM event for ‘Abnormal Acceleration on Take-off’
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Performance-related events are more challenging

• “Hard Landing” (trivial to implement)

• “Excessive speed on approach” (more 

complex)

VS



• How can we predict the expected acceleration?

• Acceleration is not constant during the T/O roll

• Acceleration depends on many factors and is not 

documented in AFM / FCOM
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The typical acceleration profile

Peak Acceleration: 

0.2 G ~ 0.4 G

Complex profile in 

general, but simple 

between “Power 

set” and “rotation”

Spool-up and 

rotation techniques 

are variable

Use acceleration 

@80kt:

• Rolling take-offs

• Far enough from 

rotation



• How can we predict the expected acceleration?

• Acceleration is not constant during the T/O roll

• Acceleration depends on many factors and is not 

documented in AFM / FCOM



Between “Power Set” and “Rotation” @80kt: 

• acceleration is variable but solely dictated by physics 

(not pilot technique)

• We already have a basic idea about the most likely 

candidates
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FDM event for ‘Abnormal Acceleration on Takeoff’
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Statistical regression is not “rocket science”…

F = 0.9216  D + 1.0271



• Bad data / outliers / sensor bias

• Selection of variables relevant for the model

• Assessment of model quality & refinements

Statistical regression is not “rocket science”…

but it’s not trivial either



Using statistical regression techniques it is possible 

to derive a mathematical model to calculate the 

expected acceleration

The mathematical model only needs to be calculated once 

(using historical flights)



… but does 

it work in 

practice?



Methodology tested and successfully deployed for:

Gulfstream 550

Airbus 320



Detect abnormal acceleration events

Action plan
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Setup FDM system to generate the relevant data 

for each takeoff

Export the data for statistical analysis

Validate and clean data

Create the mathematical model using statistical 

regression

Deploy model into ‘live’ FDM software



Setup FDM system to generate the relevant 

data for each takeoff

Export
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Model

Deployment

Event 

detection

Action plan

This may require configuration of the software 

as the model requires values on a specific 

instant in time



Export the data for statistical analysis

SQL Query database

SELECT FLIGHT_ID,  AIR_SPEED FROM ...

100100
011011
010100
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Find “weird” cases in input data
Export

Setup

Validation

Model

Deployment

Event 

detection

Action plan

Validate and clean the data



𝐴𝑐𝑐𝑒𝑙𝑝𝑟

=
3549

𝑊𝐸𝐼𝐺𝐻𝑇
− 1.3 × 10−5 × 𝑃𝐴𝐿𝑇 − 1.5 × 10−3 × 𝑆𝐴𝑇

+ 9.7 × 10−3 × 𝐸𝑃𝑅 + 0.9417

Not all inputs are useful or relevant for the model
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Findings
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