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Obtaining data from the airplane

• Modern airplanes records a tremendous 
amount of information

• Question:  Can the airplane braking coefficient 
(μB) be computed for each landing from the 
parameters recorded?

• If it is computed, what is the accuracy and use 
for this information?
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Computing Airplane Braking Coef.

• The airplane has the data required to compute 
an airplane braking coefficient, μB

T - D - W sin φ - a WgμB =
( W - L )

Retarding
Force due to 
wheel brakes

Drag ThrustFSlope

Σ F = ma
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• Is the deceleration limited by the runway 
friction?
– Did the pilot or autobrake demand enough brake 

pressure to activate the anti-skid?
– Sometimes it is obvious the stop contains friction 

limited segments
– Sometimes it is obvious the stop doesn’t contain any 

friction limited segments
– Often it is somewhere in-between

Is the computed airplane braking 
coefficient useable?
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Accuracy of data recorded
• What is the accuracy of the measured 
parameters?
– Sensor errors, bias
– Sample rate
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Accuracy of derived airplane 
braking coefficient
• Local runway slope

• C. G. location

• Runway contamination
– Deceleration is measured
– Decel includes 

contaminant drag

• Airplane GW

• Changing reverse thrust 
levels as modulated by the 
pilot

100% MAC

Fwd CG Aft CG

CG = XX.X % MAC
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Is computed μB consistent with
airplane performance data?
• To be useful the computed airplane braking 
coefficient, μB, needs to have been determined 
using data which is consistent with the airplane 
performance definition.
– Is airplane lift and drag consistent with the values 

used to compute airplane performance?
– Is the reverse thrust definition consistent with the 

data used in computing performance?

Retarding
Force due to 
wheel brakes

Drag ThrustFSlope
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Study of operational landings
• Studied ~ 140,000 landings from Jan.-Mar. 
2009
– 82 landings - very confident they contain friction 

limited segments
– 14 landings - confident they contain friction limited 

segments
– METAR report – reports precipitation at a time 

reasonably close to the time of operation
– Do NOT know runway condition
– Do NOT know PIREP
– Cannot separate out slush/snow drag
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Data not provided
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Observations based on this 
737 dataset

• Autobrake usage
– Typically autobrake-Max required to get friction 

limited at high speed on anything but the 
slipperiest runway.

– If autobrake-3 is used, typical friction limitation 
occurs when the pilot takes over wheel braking at 
lower speeds ( below 50 – 80 ktgs)
– At high speed (greater than 100 ktgs) only obtain 

friction limited data at very very low airplane braking 
coefficients

• Manual flight crew wheel braking often had 
significant asymmetric wheel brake application
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Observations based on this 
737 dataset

• Length of friction limited stop segment
– Average of 11 seconds – the slipperier the runway the 

longer the friction limited section

• Reverse thrust
– In ~ 30% of the stops with friction limited segments:

–Friction limited segment occurred while: 
» Reverse thrust had been reduced to reverse idle
» A low level of reverse thrust was used for the stop

–In the rest of the friction limited stops: 
» Typically reverse thrust was increasing or 

decreasing during the friction limited segment
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Observations based on this 
737 dataset

• The maximum airplane braking coefficient is 
obtained only for the specific section of the runway 
where enough wheel braking was used to be 
friction limited.

• Saw one very slippery wet runway
– Nellis Air Force Base – low texture runway
– Jepp chart warns about possibility of hydroplaning
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Summary
• We have started looking at in-service data

– Proof of concept
– What are the possibilities and possible problems
– What are the accuracy issues

• Still evaluating the data we have obtained
– Crew survey in the future

• Eventual use for data
– Learn more about the effect of various 

contaminants on the airplane
– What bucket they belong in
– Are there significant unidentified gotchas


