Aircraft Turbulence Metrics:
A Study in the Australian Context
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Aircraft Meteorological DAta Relay 1

Aircraft measure temperature
+wind speed/direction +
acceleration to assist with
aircraft management.

At
time or pressure intervals

*in response to events

data is downlinked via VHF or
Satellite and transferred to
NMHS

* Reporting may be changed in
flight by uplink to aircraft.




Aircraft Meteorological DAta Relay 2
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Aircraft Meteorological DAta Relay 3

03-0ct-2015 00:00:00 -- 04-0ct-2018 0001 4:30 (4252435 obs loaded, TEIY9TE in rande, 27779 shown)



AMDAR: 24 Hour Coverage




AMDAR: Australia Airlines
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AMDAR: Australia Airframes
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A Tale of 2 Turbulence Metrics: DEVG

Derived Equivalent Vertical Gust (DEVG) [m/s]

* Definition: the instantaneous vertical gust velocity which,
superimposed on a steady horizontal wind, would produce the
measured acceleration of the aircraft.

*pDEVG = Amian

*m = aircraft mass
*An = peak value of the deviation of the vertical acceleration from 1g
*\/ = airspeed

A = function of aircraft mass, altitude, empirical factors dependent on
airframe



A Tale of 2 Turbulence Metrics: EDR

-Eddy Dissipation Rate (EDR) [m”/s]

*Representative turbulence metric ICAO 2001
*EDR proportional to the RMS vertical acceleration
A number of different methodologies available:-

*Vertical Accelerometer based

*Vertical Wind Based [NCARZ2]

*True Airspeed based



This Study: Introduction

*A number of studies [eg. S.H. Kim etal. 2017, Stickland 1998] recorded

source values, then post calculated EDR/DEVG values.

*In this work, 16 A330-200 and 7 A330-300 aircraft belonging to Qantas

configured to provide EDR and DEVG operationally.
‘AMDAR (ACARS) messages used transmit data.

Data: ~44k simultaneous comparisons [11 Feb — 2 Sep 2018]
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Turbulence Geography

Density of A330 Observations



Turbulence Geography

Density of Moderate/Severe DEVG Density of Moderate/Severe EDR
Turbulence Turbulence




Comparing DEVG & EDR: An
example

Inner Circle: EDR

VH-QPJ flight from Bangkok to

".-: il PO ] Sydney on 15th August.
L M:‘“}’ L DEVG follows 'AMDAR'
WL@ " aratira B L reporting:
* Pressure levels in
ascent/descent
%, - * 7 mins during level flight
Hight - I N EDR has 'heartbeat' and event
Light-Moderate | " o reporting
* 15 minute 'heartbeat’
Moderate
e — Great Austrafiaii®.
Severe

Severe



Turbulence Event
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Turbulence Event

Inner Circle: EDR
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Turbulence Classification
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Turbulence Classification
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Turbulence Classification

EDR

Nil Light Light- Moderate Moderate Severe
Moderate -Severe
Nil 40365 141 1
Light 821 189 10
Light- 99 49 12 1
Moderate
Moderate 122 11 4
Moderate 53 1

-Severe
Severe 6




Correlation: DEVG to EDR

R2=0.24 * No a lot of correlation apparent!
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DEVG

Correlation: DEVG to EDR

R? (Mean DEVG) = 0.96 « No a lot of correlation apparent!
« However, if plot mean DEVG vs
each EDR, shows a strong
trend.
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DEVG

Correlation: DEVG to EDR

* No a lot of correlation apparent!

* However, if plot mean DEVG vs
each EDR, shows a strong
trend.

» Classify Data

* Good: 50% Data around
trend

* Bad: 90% Data

« Ugly: Remaining 10%

* Is it possible to use other
observations to determine if
DEVG is influenced by aircraft
manoeuvres?




Percenlile

20

0:

Factors in Turning: Roll Angle
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Factors in Turning:
Vertical Velocity (m/s):

—good =

— ugly
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* 90% Good: Vertical Velocity -2.5m/s <= VV <= 4.32
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Parcentile

Factors in Turning:
Rotation (degrees/s)
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Factors in Turning: Decision Tree

alt <= 32965.0
gini = 0.309
samples = 40494
value = [33073, 6142, 1279]

class = good
Truy Y:alse
alt <= 5795.0 vertical <= -0.175
gini = 0.567 gini = 0.236
samples = 6871 samples = 33623
value = [3996, 1861, 1014] value = [29077, 4281, 265]
class = good class = good
gini = 0.653 gini = 0.527 gini = 0.498 gini = 0.224
samples = 834 samples = 6037 samples = 924 samples = 32699
value = [222, 258, 354] value = [3774, 1603, 660] value = [545, 362, 17] value = [28532, 3919, 248]
class = ugly class = good class = good class = good




Factors in Turning: Decision Tree

R2=0.42

DEVG
=

D15
EDR (Peak)

e Altitude > 32965ft = Most effective Measure



Now the why....

due to turbulence

2002 35 12 47
: L _ 2003 19 27 46
A serious injury is “any injury that
(1) requires the individual to be 2004 6 11 17
hospitalized for more than 48 2005 9 9 18
hours, commencing within seven 2006 6 8 14
dayg from the date the injury was 5007 5 20 o5
received; (2) results in a fracture
of any bone (except simple 2008 14 14 28
fractures of fingers, toes, or 2009 71 23 94
nose); (3) causes severe 2010 41 14 55
hemorrhages, nerve, muscle, or
tendon damage; (4) involves any 2011 6 23 29
internal organ; or (5) involves 2012 9 16 25
second-or third-degree burns, or 2013 9 4 13
any burns affecting more than 2014 29 1
five percent of the body surface.” 0 & °
2015 7 14 21
2016 32 12 44
2017 12 5 17




Better
modelling/forecasting of
Turbulence required.

Need a way to use
existing Turbulence data
— what is real' and what
is turning/maneuvering

Now the why....




Thank you...
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