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iv the course Of a

were identif

downburst during

about 700 ft. and through two more sma

wind veered from

iUiZially a 10 kts headwlnd to a 1U kc; cailwind a: just before touchdown.

Although the wind chafiges might have caused a windshear alerL. the induced

aircraft response was such that the aircraft did not approach a dangcreus

aerodynamic [light condition. The wind turbulence can be characterized

overall as being moderate to severe.

l: is recommended to perform 3 Eli

windshaar and turbulence characteristics n

number of questLOUS concerning power lever closure times. autopilot and

E L r D 5 *1 Q r' (1‘ H FD m w I; i L H r' [a p! :3 Cl ’1 H W inTl” )_ ' r"craft pitch response due to wind gradients,

of the autothrottle syszem. Transcripted ccckpiL voicc raccrdar uaLa will be

needed in analyzing correlations.
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mar

On 21 December 1992' Flight 119459. a Hartinair scam, crashed on runway 11 at:
Faro airport, Portugal, while landing at 0733 GET, resulting in total hull

loss, as well as 55 Casualties and more injured. Windshear conditions were
suspected to have caused the accident. The flight data registered on board by
the‘Aircraft Condition Monitoring System were processed and analyzed at NEE
'using available programs that had been developed earlier in the course of a

windshear research project called WINDSTREAM (Ref, 1).

The wind profiles that were extracted, as well as the windsbear models that

were identified, showed that the aircraft passed through a relatively strong

downburst during the initial part of the final approach, emerging from it at:

rebout 700 ft, and through two more smaller microbursts or "cells",

immediately bordering the dowfiburst. During the approach the wind veered from
initially a 10 kts heedwind to a 10 hrs tailwind at just before touchdown.
Idlthough the wind changes might have caused a windshesr alert. the induced
aircraft response was such that the aircraft did not approach a dangerous
aerodynamic flight condition. The wind turbulence can be characterized
overall as being moderate to severe.

It is recommended to perform a flight simulator experiment using the
windshear and turbulence characteristics determined at Faro to answer a
number of questions concerning power lever closure times, autopilot and
autothrottle failures and_aircraft pitch response due to wind gradients, and
to perform some additional data analysis concerning pilot-induced
oscillations in relation to control wheel steering, and a functional analysis

of the autothrottle system. Transcripted cockpit voice recorder data will be

needed in analyzing correlations.
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DFDR data do not confirm these statements at all: no downburst, no "cells", no wind change, but a non-precision approach during which the copilot interfered with inappropriate control inputs that affected autopilot and autothrottle operation (AIDS data). Confirmed by NTSB.

Horlings
Tekstvak
Was light according to DFDR data and ICAO definition



m ) \. a

TABLE OF CC‘-

'.ST 3F SYMBOLS

{L
u

:NTRODUCTIQN

ANALYSIS AND DTSCUSSICE

rm NJ _:

I“
! ,J (T! '1 r1 r4
. in H P

1]
Ir‘ F“ 3:; '3

'

("T ’U {l 1.,

2.2.2 Aerodynamic flight path

2.2.2.1 Sideslip angle estimafiion

'1dder control{‘1 m ~ 1 ’1 ,1 ') T $ L- T r : U "a )4

g 3.;.l‘; 7 v ' w u to sidcsiip angle 5

to yaw rate r

U 1"! U! i3 4 d3I r
U, r4 A C] ,0» U1 :7 (I) a: >1

3.7,? Identifiec windshear models anu discussion

Pu r‘u'‘11
!

*1.
)

”4 L0
‘‘2

P“ [D
p

g;
FA

.31

-4 .
. Gil: 93080 c

T5315. OF COWS

1.131: '01? 3mm

mnmrous

; monomer:

2 ANAL‘ISlS AND DISCUSSION

1.; Raw‘ data inspection and ,di-stussion:

1.14; Flight parameters
2.43. Controls

LL; Accelerations

L2 Wind data analysis
152‘; Inertial flight path
LL: Aerodynamic flight path

2.2.2,; Sideslip angle estimation
2,z,2,;,lv Side force due to rudder control

derivative Y5,
1.2.2.441 Side force due-to sideslip angle fl
2.Z,Z.L.§ Side force due to yaw rate 1:

2.2.2.2 Angle of attack calibration
2:243 Lateral and vertical flight profile.
m Wind profiles
2 2 S Turbulence profile

2...: Windshear models identification
2 3.1 Available windshear models

W The identification ptocs'SS-

g RESULTS
1...; Windshear

_3__=_]_._L]_.. General

Ll; Identified *wind'shear mils and disgggsiqn

Page:

'10
1.0
11
1a
16
17
17
18
18'

191

21
21
22
23
225.
2'7-
29
29
30

31
31
31

3:2



Z W
1:»

w
is“.

pa

CONFIDENTIAL

)\ Z”

F-iTABLE OF CDTTEJ

3.1‘3 Siflraiional sketch

3.1.» Matched wind profiles

3‘3 Windshear-mode1 turbuience

3.2‘1 Genera;

NJ "23, Mean wind &fld windshaar mod:

Windshesr severicy

3.3.1 General

3.3.; Uindshear hazard a: Faro airport

COECLUSIONS AND RECOMMEEDATIQNS

ACKXQRHEDGEMEHT

REFERENCES

'n total}.A 'j u) m m m H

CONFIDEXTIAL

S cntiHU'

Lu L{
I

H n L F1 Q. ,~_ r—
‘

,_

GDEFIEmTIAL
- 5 -

cfl- 9303-0: LG

TABLE BF WINS (-COIit'inued‘)

LL; Situational sketch

Q‘Jug Matched wind profiles

é‘z Windshear-model turbulence
3‘2‘1 General

g‘g‘z Mean wind and windahearwmodel turbulence profilg

341‘ Windshear severity
§‘§*; General
1.1.; Windshear hazard at Fara “airport

'concwsmns AND ucomxmfions|-|>

i ACKNOWLEDGEMENT

fi REFERENCES

:1.I§bla
42 Figures

(-9.1: 'plagas' in total.)

Gemmm.

Bags

35
35’
3.7
3.7
3:81
39.
39;.

5

40?

43

46

46

-u.
=s

‘.-';
'-

A_
-

H
".

J
u



Y 17' ,

N

CONFIDENTIAL

-5-
CR 93080 C

m w w h J m [1": m m ['[l a

.5

m

boundary layer thickness: m

radius of downbursc, m

time inzerval. L’.‘'1‘ ('1 0 P1 H) H r4 I‘1 (D ’i m a m 3"‘1 L3) m H- :3 m

appraach speed. m/s

wlfidSpflCd. m;s

J’Ivelocit; components of moving windsh
along—track wind component. m/s

crosstrack wind component‘ mfg

local headwind cwmponent. m/S

local crosswind component, mys
v,rticgl wind componenL, m/s

north-south distatce_ m

side force derivative with raspact f0 sidesLip
side force derivazive with respacb CO ailnrcr

Hide Force derivative with respect to rudder

eastuwes: distance. m

5...
»varrica distanCE. m

COJFIDENTIAL

BT-

ge
m

;
g

H
”
n

.3
‘5

'm
m

-
'13

,
3:?

c'cjmmm
-5. ..

GR 9308b- 0-

Lfrs-r or 's‘Ls

lateral. acceleratinn, m/az'
lateral force cOe'ffi-cient

core diameter of downburst. 13
vertical speed, m/s

'windshear hazard factor or index
gravity constant, lit/.52
boundary layer thickness, m-

raltitude, 111

aircraft mess, kg

pitch rate, rad/s
radius of domiburst, m
yaw face, rad/s
tailfin area. m2
projected side View area. m2
phagoid period, 5
F-factor filter averaging time interval, 3
airspeed, n/s

approach speed, m/s
winder:eed , m/s

velocity components of moving windehear model, m/s

along-track wind component. m/‘s‘

crosstrack wind component, 111/:

local heachrind component, m/s

local crosswind ccmpdnent, m/s'

vertical wind component. m/Sj

north-south distance, In

side force , N
side force derivative With reenactto si‘deslip angle, m. (1573.:rad)‘1
side force derivative with respect: to aileron deflection,

m. (52 . rad) ‘1
side force derivative with. reepecjt. to rudder deflectiom
m. (32_ rad)‘1'
east-west Bistance , 11

vertical distal-me , n



 )\Mg

Lcontinued}

turbulence signal, m/s

air density, kg/mJ

turbulence Ems, mfg

turbulenc: rms in

turbulence rms in the vertical ‘irectiou

wind direction, rad

phugoid frequency. tad/s

CONFIDENTIAL

run“

I"

'CONFIBENTIEL
-7-

GR 93080 G

LIST OF SYflBOLS (contifiuEd)

fuselage angle of attack! rad
alpha vane angle, red
sideslip angle, rad

ring-vortex strength, nF/s
rudder deflection. rad
‘turbulence signal, m/s
air density. kg/ma
turbulence Ins, m/s

turbulence rms in the x-y plane
turbulence rms in the vertical directing

wind direction, rad

phugoid frequency, rad/s

Lower

Upper

COflFIDENTIAL

r
u
m

-
é
.
“

~



CONFIDENTIAL

ABBREVIATICQS

Auzochrottle svstam

111‘ ,... \T "i ated Air Speed

Control Wheel Steering

Electro-Magnetic interference
Gauss—Newton Iteration program

Minimum Descent altitude

Pilot induced Oscillations

CONFIDENTIAL

'@
‘x

an

arts
Exi

cm

Em
PTO

comnmflAL
-3-

ids. 930-81) 0‘

AB'anzvm'rrofi's

Aircraft Condition Monitoring System
Autopilot

Autothtottle systeih
Calibrated Air Speed

Control Wheel Steering

Electra Magnetic Interference-
Gauss-Newmn Iteration program
Missed Approach Point
Minimum Descent Altitude
Pilot-Indueed Oscillations-

True Air Speed

cmmmm



CONFIDENTIAL
-9-

CR 93080 L

INTRODUCTION2H

“~-
54.]. crashed onOn 21 December 1992 at G?33 GMT ght HLASQ, a Harrinair DC~i

‘
LL11}.1*

"runway 11 at Faro airport, Portugal. mails landing, resulting in tots

loss, as well as 35 injured. Windskeer conditions were

ofSuspected to have caused ause the presence of

thunderstorms in the v'

Besides the requi

ou—boarc da as::

Monitoring

3 couldC21.so on of -dat

be extracted

data to the Lowest

Aviation in he Netherlands

Laboratory NLR.

Since 1989 at NLR a windshear research project has been underway i

collaboration with KLE, the Department of Civil Aviation RLD/LI‘
('1Netherlands Agency for aerospace Programs NEUR, and the Roya; NA

this ongoing proInstitute of Meteorology KNMI. Details of set![—
4

'7!WINDSTREAM. are given in References l and r. .;U (Tthe o‘ e 0Some of ‘i
J

preject are to develop windshear models and models for windshear detection

roorne and to validate the windshear modelst“both asystems,
Ausing flight data (a

of B73? aircraft where

(reactive) windshear

C;£S

alert

and ground-based‘

F deliv \D are processed

windshea on-boarda

system.

is windshearThe objective of this document to report

analysis of the ACMS data recorded on board

tained fromFaro. In addition to the data ob

processed that were registered on board

6 theminutes before the DC—IG. The object 0 was to compare

profiles recorded on both flights to check similarity between the two. in

chapter 2 a discussion is provided of the processing that was required.

In section 2,1 the raw flight data subsequentare
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0.11. '21 December 19-92" at 0733‘ GET Flight new, a‘ Martina: Dec-10', ereéfied on
rimwey 11 at Faro aim-wort», BOWL,- whiie landmg. resulting in total, hull
loss, as well as 55* casualties and more injured Windehear conditions Were:
sauspeeted to have ceased the decideet because of: the pfeseece of

'flmnderstome in the vicinity. Of the airport.

Besides the required flight data {trash} recorder the ‘DGAIO airerafthad an
:onebo‘a‘rd: data-recording system called. the AME: the Aircraft Condition
Monitoring System. Because of the location of this recorder in the nose
section of the aircraft, which was not damaged by fire. the dais-data col-11d
be extracted in a good state. The Portuguese authorities delivered the ACES-
‘data to the accident inteet'igatiorfxe buzeauuef the Department of civil
Aviation in the Netherlands for further. I'enelrys‘ris by the National Aerospace
laboratory NLR.

Since 1989: arm, a windeh‘ejer reeearéh project has been underway in:
collaburation with KIM, the Department of_ Civil AViatinn RID/LI. the
Netherlands Agency for Aemepace Programs NIVR. and the Royal Netherlands
Institute of Meteorology KNMI. Details of this ongoing project, called
WINDSREAM, are given in References l and 2. Some of the objectives of tide
grojeet are to develop windshear medals. and models- for Winfiehear: detection
systems, both airborne and ground-based, and ‘to Validate the windshear models
neing flight data (ACES) deiivered by KIM Only those flights are yroeeseed

0f 313? aircraft where a windsuear; alert. had heed reported by the on-bo’etd;
(reactive) windshe'ar alert eye-tam.

the .0155 eet‘iVe of this document is to t'epntt on the fe‘sults ‘ef the windsheer'
analysts at the AGES date resettled Onward the Eat-‘10 on landing apprbaeh at
Earp. In addition te the data.- obteirged from, the Did-1‘0, also ASKS-data were
fittee'ssed. that We're: registered, onboard a Maftidai): 33.2267. which landed. them:
6' mimtes before the 96-10. The abject ,ef this was to tempera the wind
pro-files :eéordéd. on be‘th flights to' check fer similarity between; the. two 11-1
chapter 2 a. discussion is. ntwidedg gif- the dgta ptoeeesing that was regalred
In :seetien 2.1: the raw flight data ”ate: damaged-and- the subsequefit‘
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Section 2.2 contains a description and aneivsis of tbe resulting
es produced by the data processing. Section 2.3 Con:nins a

'entilicationrT in 21 H :5 O U) .‘5' m D) H A :1 0 CL :33 l4 u D.on features that were added to
“P‘“ < ,program 1n-. in order to apply it to the case at hand.

Chapter 3 reports on the results obtained. in terms of the windshear models
identified. and a comparison with the wind orofiles. The windsnear hazard

FinaEly conclusions andJ TA LINESH‘aSSCCiated w tx ,.

y-nrocommendat one are

‘1 .ANALYSIS AND DISCUSSK-Ci'ir

?? Last data block not recorded
because of fire, loss of power,
etc. following the accident?l.l Raw data inspection and discussion

The flight data recorded by the ACAS we.e of good qualitf.
acted, other than tha' the da re10rdlnz. startint at an inicialL. g

altitude of about 1500 ft, stopped on ft above the ground_ TherefOLe
ground CDRLaCC is not included in
probably due to the landing forcr which occurred. for which the system has
not been certified to operate in. As a result of this the data tape skipped

Hy tom the recording head, causing loss of : ec< in the digital data stream.r

eoause of the data recording mechanism, where a batch of u saconos is01

written to the tape. this

<11 Ci i‘ddfl. NNo, DFDR recorded until after
theacddentindudmgradam

data after L13 ft radio»0 m (n \D C} l
1* u _» ,gused the lo

The parameters which were recorded were of 1 similar format used also by
4_‘. lLilla?program OUTFLDW (Ref. 3} at SLR. as applied within the scope ct

WINDSTREAfl—orojecc. A number 0 d not match
corresponding B?37 data for which the ODTFLOW-program had been geared
previously. so some modifications had to be carried out. Additionally,

p..
.because of the ‘omet mes large rudder deflflc:ions that were observed. it wasA"

p—n'elt necessary to also include rudder sjznals in the data processing, which
had hitherto not b=en the case. A lisc of the parameters recorded and

‘delivered to NLR is iven in table l.I‘J’Q

CONFIDENTIAL
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processing. Section‘2.2 contains a description and analysis of the resulting
wind profiles produced by the data processing. Section 2.3 contains a
discussion on features that were added to the windshearimodel identifieatibn

program GNI, in order to apply it to the case at hand.

Chapter 3 reports on the results obtained, in terms of the windshear models
identified, and a comparison with the wind profiles. The windsheer hazard

associated with theSe windahears is analyzed: Finally ooncluaioas and
orecommendatieee are given in chapter 4.

2 ANALYSIS AND mscussrqm

2,; Raw data inspection and discussion

The flight data recorded by the AGES were of good quality. No data drop-outs
were detected, other than that the data recording, starting at an initial
altitude of about 1500 ft, stopped at #4 ft above the ground. Therefore

ground contact is not included in this data set. This early stoppage is
probably due to the landing forces which occurred, for which the system has
not been certified to operate in. As a result of this the data tape skipped
from the recording head, causing loss of track in the digital data stream.
Because of the data recording mechanism, where a batch of 4 seconda is
written to the tape, this caused the loss of all data after 44 ft radio-

altitude.

The parameters which were recorded were of a similar format used also by
program OUTFLOW (Ref. 3) at NLR, as applied within the scope of the

WINDSTREAM-projett. A number of sampling rate: however, did not match
corresponding B737 data for which the DUTFLflW-program had been geared
previously, so some modifications had to be carried out. Additionally,

because of the sometimes large rudder deflections that were observed. it one
felt necessary to also include rudder signals in the data processing, which
had hitherto not been the case..A list of the parameters recorded and

delivered to £13 is given in table 1.

GGHEIDENTlAL.
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The computer program CUTFLCW, mentioned betoro. runs on the Cyber 69¢

mainframe computer installation at NLR. Also the windshear identificatist

program. used to identify windshear~modal parametsrs. runs an the same

['fmainframe. Apar from Lhat, all other data manipulations conversions,

b1checking. time eries analysi U: ional analysis: data plottinp “CC., -:FT, correls .u
l

stioal package CSS which runs on a PC.H-wera performed using the sta 'T

In the next subsections the inertial and aerodynamic raw data, as obtained
‘ .from the ASKS, will be portrayed and Ciscussed. It may sometimes be vary7

Concerning the flight path of the aircraft, the pitch angle, hank angle.

calibrated airspeed. true airspeed, groundspeed. altitude {pressure altitude

and radio-altitude}, magnetic heading, track angle and drirt angle are shown
_'L._.
,L, 'is W p H R.) U) ,l

J

I'Y L) I—
l

.
4 H1 ,,

u ”E P". (U C. r? :j‘ 0 engine rpm response is shown. The

Before OT:31:¢O Cfll the response of the p1tch angle

stem: from that after this time. Before this Kim: tho maximum

pitch angle is about 5 degrees, and the lowest value is about 2 degrees:

this moment there is a sudden departure downwards at abouta r

0?:3l140 GMT from a to 0 degrees, followed by p to E dzgrees. and
rLen followed again by another such 0

vaflafion

H] F--
‘From up a O 193 rid/s o lows a pnugoid period Tp : 32.5 seconds. Wlich is

exactly wha‘ is observed. The damping of this phugoid seams to be very low.

The start of the oscillation in pitch a: Q7:3l:&0 GMT coincides with the

pilot SVitcning from autopilot :0 Control Wheel Steering { Although

the aircraft is supposed to be stable in this mode {this mode is in fact an

attitude-hold Krate-command type system, with the command sirral bein

CONFIDENTIAL
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me. summits: program mow msnaiaseabsifqre.. runs: on tha Cybe‘r‘ £92”
mainfirame computer insta‘llatiofi af 3233-. Also the. WihéIShear idenfiifidation
program, used to identify WinfisheraI-mddflel pfalr-Qanlét3r5. runs on‘ the same
mainframe. Apart from that, all other data manipulatigns, conversions,
ahaakingy time Series, analysis. anmlatimnall analysis. data jplqttingr.‘ etch

were perfermed using the. statistical paakage CSS‘ which nm‘s an a BC.

In the next subsections the inertial and aarodynamic raw data, as dbtainsd
from the AGES, will be portrayed and diacn-ssE-ea. It may sometimes he vary
helpful .to visualize the data. informatipn in order to help form an eyinion
about the. landing accident that task 91.1333.

2.3 Jul Flight panama:

assuming the flight path sf the airsraft, the pitah angle, bank augieg,
aa’l‘ibrated airspeed», true» airspeed, ‘graundspeed, altitude (prehsufe altitude:

and radiusaltitud‘e) .‘ magnetic, heading, track angle- and drift angle are Shown,

in figures 1 to 7. In figura 8 the engine rpm response is shown. (The
aiollowing observations can be mafia.

. Bafona 07:31:159 EMT the reapbnse cf the pitch angii's
is .‘quite different from that" after this time. Before this time the maximum
pitch angle is about 5 degrees, and.- the lama-t value is about 2 degrees;

haweVer, after this moment there is- a sudden departure downwards at- about
07:31:40 GMT from 4 to 0 degrees, fellavz'ad by a pitch up to 5 degrees, and

than follawed again by another such asaillation, with a mean trend upwards:.
The ‘maxetaiml span-lacy phugaisi eigenfirequancyf its astimatad as (hf. 5:)

,v ; fig, =.-. 03.1393 max-s:
.Q;

Fm at, - 0.1793 rays failsws a phugai‘ti period I}, = 32.5. 536911651 Whit-11:13
exactly what is observed. The damping sf. this anagram 3331113 to be 33e law,
Th5; start of the oscillation 1n pit-ah at 67:31:40 GMT coincides with the
9110a. Switching £e autdpilpt 33c chattel Wheel S'ta'eriag (mm-mam although;

the aizgrafit is supposed t9 ha atahlg in ...t1iis mode (this mode is in fact an-
attiuusaemld matey-census type sass-am, itith the cesmand signal heme;

info
Callout
variation. For an oscillation, period time T is constant.

Horlings
Callout
Don't see this in Figure 1. Pilot frequently pushed and pulled the elev. control against the autopilot. From 07:31:56 manual inputs that were required during the non-precision approach. Normal. No phugoid. Where is the elevator position data (pilot or autopilot input)? 

Horlings
Arrow

Horlings
Text Box
Sampling rate? One per second.

Horlings
Squiggly

Horlings
Highlight

Horlings
Callout
Departure? 4 deg.?The pilot pushed the elevator control against the engaged Vert. speed mode. 

Horlings
Callout
was not a phugoid. 

Horlings
Callout
No, CWS was at 07:31:56

Horlings
Callout
and to develop an opinion on the (in)validity of the analysis.

Horlings
Callout
Track angle not in Fig. 

Horlings
Callout
At this time, the airplane descended into light turbulence, 1.0 ± 0.5 g, that lasted until touchdown.
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' 4 L ' ?? Were in AIDS data in Acci-
“/ CR 93080 C deqmn

.4 ’0generated by the pilo * , n..' 1‘ ' uts}, one way to explain th'

n {P10} is occurriné,

OSince control wheel forces were not containefi .e A”MS data delivered t

NLR‘ Chis correiation between control wheel f 0 ‘1 {P ,r. m a "O r— r F ’3‘ ‘4 [‘u H ri [‘u rr ,4 O '3 r: 9 p ,__
.

noL be made. The triggering mechanism behind such a
updraf: Chg; was later found to exisr aL the point or switch—over in

Another explanation can be that the pilot is thinking the[1) C F’ O (3‘ ,... r—J :+ :3 O (l. q'

system is in CH . but that a failure has occurred, providing the pilot with

change in behaviour can he obsarved :icgr,

some small bank an l6 ohangos ofif

.f:er the variations increaser Lspacirlly a:

L“id” roll reversal. from +1C degrees to ~l
Tue ~13 degrees bank angle seems to correspond

‘ust before the end of Lha flighi data. as can
Generally however. the maximum and

? 139 in report. Why did air-
speed decreaseto 139?

c: calibratpd airspeed fFiO. 33. Throughout the flight the on, 13 above the
fire; of 139 knots most of the time, exorpc at abou: and beyond

\‘ u.»‘9'45 GMTV The bugspend set in :he Aurothrottle window was 144 kts‘ Also
hero the variations in CA8 before and after 67:3lzé0 FMT 3:9 differenti
Variations are relatively small. After O7:31:&O GMT there is an immediate
increase from 1&5 kts to n arly 133 knots, which is then followed by a
dominant oscillation. with the same period as the phagoid observed before.r

From OJ:32:LO GMT onwards :he CA5 steadily decreases. and drops below Vref D)

U] WT.x... 1.about Glj33ik

, b P”
:d) groundspeed and true airspee- Fin. Ali asical y the gro‘ndspeed

indicates the EfbC of head

d u

ind relative to the aircraft. There is a minimum

0 GMT‘ which is due to the aircraft making a

W

in groundspeed at about 0.131 0

turn into the wind at this point. as can be seen Erom inspecting the heading
angle (Eip‘ 6), in combination with the wind clanging direcLioni Due Lo the
large win speed even small changes in wind direction cause iarg Changes in

??

CONFIDENTImL

?? Why not? Must have been
CONFID DETIAL available, because these AIDS

‘ data showed up in Portuguese
‘Lé' Acddemrepon,AnneX9.

r/ CR 93080 C

Not a PIO, but pilot induced varia-
tions. Pilot pushed and pulled the
control inappropriately.

.4 if}generated by the pilot 5 one, wax! to explain t‘t‘.’

{P10} is occurriné.

0Since control wheel forces were not contain-sf . A’ES data delivered t

NLR. this correlation between control wheel f 0 ‘1 {P .r. 511 a "O r— r t' ’3‘ ‘4 [Lu H ll [‘u rr ,4 O '3 r: 9 c ,_.
.

The triggering mechanism behind such a
'ater found to exist at the point oi switch—over in

: explanation can he that the pilot is thinking the
failute has occurred, providing the pilot with

Then you cannot tell whether you see a phugoid orjust a variation.
Whether the pitch changes are due to outside disturbance or inside
by the pilot.

, v rE change in behaviour can be observe-4 "its:

some. small bank an it changes of(I

.af:er the variations increase. Lspecirll‘; a:
hid" roll reversal. from +15? degrees to ~15

Tue ~13 degrees bank angle seems to correspond
‘ust before the end of the fli.;-r,':‘tt data. as can

CEenerally‘ however. the maximum anti

? 139 in report. Why did air-
speed decrease to 139?

c: calibrated airspeed (Pic. 3‘:. 'l'i‘troutzhout the flight the (”1. ts above the
tr .. ‘ C‘ "' ,m --- - "7* -

- k. no . +— ’7 'tart—'1. 0.. ,L39 knots mast of the one, exotpc at. about ant; bevond

\‘ u.»9714:: GMT. The bugspend set in the Autothrottle window was 144; kts. Also
have the variations in GAS before and after {77:3-lziaf3 tt—‘tT 3:9 different
Variations are relatively small. After 07:31:40 GMT there is an immediate
increase from ILLS kts to n atly 133 knots, which is then followed bv a
cominant oscillation. With the same peloct as the phugoid observed before.r

From 07:32:110 GMT onwards the GAS steadily decreases. and drops below Ve D)

U] WT.x... 1.about G?J33:Q

,

LJ Pu
:Fifi. H. asical y the are ‘ndspeedd) groundspeed and true airspee-

indicates the sift-c: of head

d u

ind relative. to the aircraft. There is a minimum

0 GMT. which is due to the aircraft making a

W

in groundspeed at about C. 131:0

turn into the wind at this point. as can be seen from inspecting the heading
angle. (Pip. 6), in combination with the wind langing direction. Due to Cite.
Large wln speed even small changes in wind direction cause larg, Changes in

??
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generated by the pilot's control wheel force inputs), one way to explain this
type of response is_thst e pilot-inflated oscillation (P10) is occurring.

Since control wheel forces were not contained in the Anus data delivered to

NLR, this correlation between control wheel forces and pitch variation could

not be made. The triggering mechanism behind such a FIG could well be the

updraft that was later found to exist at the paint of switch-over in
autopilot mode. Another explanatibn can be that the pilot is thinking the
system is in one, but that a failure has occurred, providing the pilot with

easentially open-loop control.

b) bggg_gnglg_1£;g‘_21. Also here a change in behaviour can be observed after
07:31:40 GMT. Before this moment there are some Small bank angle changes of
irelatively small amplitude, thereafter the variations increase. Especially at
about 07:32:40 GET there is a "rapid” roll reversal, from +10 degrees to -15
degrees in about 5 seconds. The -15 degrees bank angle seems to correspond

with a turn to the left, made just before the end of the flight data. as Can
be gleaned from the heading angle. Generally, however, the msximum and
minimum bank angles are well within acceptable limits.

c) caligggted giggpegg (Fig. §). Throughout the flight the GAS is aboVe the
Vref of 139 knots most of the tine, except at about 07:32:22 our and beyond
07:32:45 GMT. The bugspeed set in the Antothrottle window was 144 kts. Also
here the variations in CA3 before and after 07:31:40 GMT are different.
Variations are relatively small. After 07:31:40 GMT there is an immediate

increase from 145 kta to nearly 155 knots, which is then followed by a

dominant oscillation, with the same period as the phugoid observed before.
From 07:32:40 CHI onwards the GAS stesdily decreases, and drops below Vref at

about 07:32:45 GMT;

d) ggogggspeed and tgge airspeed (Fig. 4). Basically the groundspeed
indicates the effect of heedwind relative to the aircraft. There is a minimum
in groundspeed at shout 07:31:00 GMT, which is due to the aircraft making a
turn.into the wind at this point, as can be seen from inspecting the heading
angle (Fig. 6), in.conbination with the wind changing direction. Due to the
large windspeed even small changes in.wind direction cause large changes in

COEEIBEHTIAL

info
Callout
?? Why not? Must have been available, because these AIDS data showed up in Portuguese Accident report, Annex 9.

info
Callout
139 was set (RoA). Why would airspeed then decrease to 139?

Horlings
Callout
Sounds interesting, but is not a PIO, but pilot induced variations. The copilot pushed and pulled the (CWS) pitch control inappropriately. Not professional.

Horlings
Callout
Then you cannot tell whether the pitch changes are due to outside disturbance or from inside by the pilot.

Horlings
Rectangle

Horlings
StrikeOut

Horlings
Callout
??

Horlings
Callout
8 seconds! Seen the rudder input? 90% to left: CLdr? 

Horlings
Rectangle

Horlings
Callout
Or a pilot who could not handle CWS

Horlings
Callout
Vthr

Horlings
Rectangle

Horlings
Callout
?? A variation. Why dominant? Is influence of gust filter in ATS! (5 kt increase and decrease) when turbulence above a threshold. And pitch down, increasing the CAS. 

Horlings
Rectangle

Horlings
Callout
Really? Doesn't look like this.

Horlings
Callout
Turn? No, was continuing the final turn to the approach radial, then heading 125 deg.What was the wind? 

Horlings
Callout
How do you know? The wind was not changing. The heading was near constant during the last 80 s of flight, except during rudder input. 

Horlings
Line

Horlings
StrikeOut

Horlings
Callout
Heading increased momentarily from 125° to 134° and back; the ground speed cannot have changed that much. Doubts!

Horlings
Callout
Ground velocity is vector sum of velocity in the air and the wind. 

Horlings
Highlight

Horlings
Highlight

Horlings
Highlight

Horlings
Callout
Onset light turbulence

Horlings
Callout
Was controlled by pilot.

Horlings
Highlight

Horlings
Callout
Gust filter in ATS increased and decreased CAS

Horlings
Highlight

Horlings
Callout
Why? Because throttles were closed (inappropriately)

Horlings
Callout
What is the source of this ground speed? Reliable?
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windspeed, The true airspeed can be seen to show the same oscillatory pattern

as the calibrated airspeed. TASatamlasemmHoCAS

The altitude profile. i.e. baromecric altitude and

radio altitude versus time, is shown in figure 6

this is that there seems to be what loo,s

:10 GMT. at an $11 H (1 H l
? 5: G. (D 0 HI L“ O (Q P'h rf '
1

CT 1 Ln 0 cold correspond to

Minimum Descent A ”R/DME approach

followed, In coat there are no one: curing such an

approach the Lilo: is require DA r f O r E!) d (I! ,_v 0 “M r1; , and to proceed at RDA :c the

(‘1missed approa i point {JAPt}_ From the approach plate this point is 0.5 1m

from the runway threshold. When the approach descent profile would ae

maintained, the approach path woulo cross over the runway 5: 3J 'L above the

threshold. Another way to explain the oscillations is that due to FIG the

approach becomes more and more unstable: each time there is a ”leveling 0'5",

the flight path seems to become more and more flee. The f rst time is at1

:l0 GMT. These oscillations of theO7:3l:50 GMT. the second time at

alLiLude proffle correspond with the pitch excursions discussed previously,

The Lev*iing off at EDA could therefore well be the result of Eh: phugoid

oscillation, rather than a piloc input. Data from the cockpi: voict recorder

can give clear clues as to what hap enao here exactly, ‘.e. whether or not

off at the MBA.rT '3‘ (1; [11 +a P1 (3 r1 {n ”h r1 ,u CJ <1 ('0 P—
‘ Cf) CL

Furthermore Enere are some small differences bet”eeL oarometric and radio

1&1 . * («ya h ‘ d'Ffi ‘.n a ,-» a «“ n A 4 . ——— ~air-tude, nogee. t ese iiierences are quice small ans o0 no» seem o0

orrelate with any of the other parameters. The maximum airfarence is about(‘2
O\ 0 it at the beginning of the flight data, where it is of least importance,

Ih _/ magnetic heading (Fig. 63. A relatively uneventful trend is depicted. A:

131:20 GMT th(3 ‘VJ (D H. I C‘. ma Taf: turns coward a heading of 125 magnetic. apparentif

L1.. .3 ; runway c nterline (the VGR/DME radial is illa(Yto intercept ( O

magnetic}. This step towards the runway heading can be verified only after

consulting the cockpit voice recorder. AC about Olzlfizffi GMT the aircraft

turns left to a heading of ll? degrees magnetic, but soon afterwards turns

'1 again to a heading of about 12$ degrees. This is l3 degrees more than

n :3" (D runway heading of 106 degrees magnetic. It can be observed that at

lsnmatwmsMefimafimrmMer CONFIDENTIAL
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uindspeed. The true airspeed can be seen to Shfiw the-same:oscillatory pattern

as the calibrated airspeed.

e) g1;1§gdg_1§ig‘_§l. The altitude profile, i.e. barometric altitude and

radio altitude versus time. is shown in figure 6. lbs profile is oscillatory.
One way to explain this is that there seems to be what looks like a 1evo1ing
‘off at about 07:32:10 GEE, at an altitude of 400‘ft. This could correspond to

leveling off at the Minimum Descent Altitude (EDA) of the VCR/9MB approach
which the aircraft followed. In case there are no visual cues during such an
approach the pilot is required to level off, and to proceed at MDA to the
missed approach point (Hart). From the approach plate this point is 0.5 nm
from the runway threshold. When the approach descent profile would be
maintained, the approach path would cross over the runway at 50 ft above the
threshold. Another way to explain the oscillations is that due to P10 the
approach becomes more and more unstable: each time there is a ”leveling off?,

the flight path seems to become more and more flat. The first time is at

07:31:50 GMT, the second time at 01:32:10 GMT. These oscillations of the
altitude profile correspond with the pitch excursions discussed previously.
The leveling off at MBA could therefore well he the result of the phugoid
oscillation, rather than a pilot input. Data from the cockpit voice recorder
'can give clear clues as to what happened here exactly, i,e. whether or not
the aircraft leveled off at the EDA.

Phrthermore there are some small differences between barometric end-radio
altitude, however, these differences are quite small and do not seen to

correlate with any of the other parameters. The maximum.difference is about

60-ft at the beginning ct e flight data, where it is of least importance.

f) gaggetig beading (Figq 6)..A relatively uneVentful trend is depicted. At

07:31:20 GMT the aircraft turns toward a heading of 125 magnetic, apparently
to intercept the runway centerline (the VDR/DME redial is 111 degrees

magnetic). This step towards the runway heading can be verified only after
consulting the cockpit Voice recorder. At about 07:32:20 6M1 the aircraft~

turns left to a heading of 117 degrees magnetic, but soon afterwards turns

right again to a heading of about 12¢ degreesm This is 18 degrees more than

the runway heading of 136 degrees magnetic. It can he obserVed that at

CONFIDENTIAL
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info
Callout
TAS at sea level is equal to CAS. QNH was 1013. Oscillatory? Scale is misleading - too large.

info
Callout
No, yaws left, then reduces rudder again. Are not turns - inappropriate rudder inputs by copilot.

Horlings
Callout
Large windspeed cause large changes in windspeed??? (ground speed? At 139+ kIAS? If wind is 90° from the right? Do you realize what you're saying?

Horlings
Callout
Is it? Where did the light turbulence start? Noticed pilot inputs?

Horlings
Rectangle

Horlings
Rectangle

Horlings
Text Box
No, to intercept the PAPI

Horlings
Callout
So? 

Horlings
Callout
Well, look at the pilot input to see pilot influence.

Horlings
Callout
What cues? On the CVR? The aircraft did indeed level off to intercept the PAPI before descending below MDA (400 ft). Normal procedure for a non-precision approach.

Horlings
Arrow

Horlings
Text Box
Not a large DC-10. See AOM.

Horlings
StrikeOut

Horlings
Callout
DFDR shows only Radalt below 230 ft. Are you sure Radalt is available above that altitude?

Horlings
Callout
the 111° approach radial (is 5° offset of runway centerline (106°)). 

Horlings
Callout
What does this large drift angle tell you? 

Horlings
StrikeOut

Horlings
StrikeOut

Horlings
StrikeOut

Horlings
Highlight

Horlings
Squiggly

Horlings
Highlight

Horlings
Highlight

Horlings
Callout
No, just following procedures. An ILS approach is a constantglidepath approach, a non-precision approach is not.

Horlings
Highlight

Horlings
Callout
Descent of non-precision approach from 2000 down to 500 ft is on the AP/ vert. speed mode. If the set Vert. speed was a little too high, or headwind was larger than anticipated, a short level flight is required to intercept the PAPI lights (5.2% gidepath). The final approach is to be flown manually using CWS. Below 200 ft, a DC-10 needs to stay above the PAPI glidepath to avoid touching down in front of the threshold, is also AOM procedure. Therefore "leveling off" shows up in the data a few times, but Is normal, is absolutely no windshear or updrafts.

Horlings
Highlight

Horlings
Highlight

Horlings
Highlight

Horlings
Text Box
1 DME

Horlings
Callout
No, is not on CVR.
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07:;2:%O GMT there is a Chaug" in heading {ram 12% to 1;} degrees, which was
due :0 a large rudder input as can be seen from cross—:eferenciwg the rudder

recorded of 11’ degrees

:he aircraft still has a 8 degrees leadin. misalignment with the runway

heading, if this heading would be maintained from the last data point up to
couchdowm. then a tra»J 1 L13 H U} m [,_

.
£1) :3 0. H- ’3‘ :‘m 6 .C H G. L :1. iude, i.e. the direction in whi

CTthe wheels are gain is not 311 med with} 11‘
) the direction the airplane isL7

.. « rm :L‘IaVBA ;1,I‘.g,
Rudder back to center. There was a sideslip
anmenotadflfiangb.

, h
aJ) drgfc angle 6 ip‘ El.

betwaen the drift

moment Chem p

,

‘0 he air'

”7:32:40 GMT the drif- angle reduces to -8 dc

corresponds to the aircraft flying at a crab angle of

engines reach the maximum rpm 0: this zlight segment, vi". '9? WDYCEEE V3.
after which moment the rpm drops rapidly :0 the flight i'Le level of 40

c o 71 n w 0 P m

in thig section the controls are depicted and di"cussed. i; necessarv. The
controls that were delivered on .CMS to NLR are the elevator defLection
(inboard and outboard). the aiLeron deflection (inboard and outboard}: upper

CONFIDENTIAL
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OW132zaO GMT there is a change in heading from 124 to 113 degrees. which-wee
due to a large rudder input as can be seen.from cross-referencing the rudder
input time history (Fig. 11). At the final heading recorded of 114 degrees

the aircraft still has a 8 degrees heading misalignment with the runway

hesding. If this heading would be maintained'from the last date point‘up to

touchdown, then a traverse landing would be made, i.e. the direction in which

the wheels are going is not aligned with the direction the airplane is

travelling.

g) drift angle (Eig, 7). Again here also a difference can be seen to exist

between the drift angle before 07:31:40 ear, and afterwards. Before this
moment there is a relatively constant change in drift angle. apparently due
to the aircraft turning into the wind. After 07:31:40 GET there are more
oscillations in drift angle, with a change in drift angle from -8 to ~14

degrees, 1.e. a variation of 6 degrees. The same variation occurs again at
07:32:30 GET. Evidently there is a “burst” of crosswind at these moments. At
about 07:32:40 GMT the drift angle reduces to -8 degrees again, which

corresponds to the aircraft flying at a crab angle of about 8 degrees tonsrds
the runWsy. r

1:)WThe N1 rpm of all engines were identical.
.and so was the case with N2, hence in figure 9 only N1 of engine No. l, and
N2 of the same engine, are shown together. It appears from comparing this

,figure with figure 12 later—on that the engine rpm very closely follows the
power lever inputs. As is evident from this figure, the engines are operating
at a fairly constant performance level around 07:31:30 GMT, but after

07:31:30 GflT more oscillations can be seen to develop. At 07:32:40 GMT the'
engines reach the maximum rpm of this flight segment, viz. 102 percent N1,

after which moment the rpm drops rapidly to the flight idle level of 40
percent N1. .

.2,l.2 Controls

In this section the controls are depicted and discuSsed, if necessary. The

controls that were delivered on AGES to NIR.are the elevator deflection

(inboard and outboard),-the aileron deflection (inboard and outboard). upper

cmmmm.'

info
Callout
Rudder back to center. There was a sideslip angle due to rudder input, is not a drift angle.

Horlings
Callout
DFDR data even shows an increase to 117° at touchdown. A traversing landing was made, which is not approved for the DC-10. 

Horlings
Callout
How calculated? Does NLR know what a drift angle is? Here you talk about sideslip angle!

Horlings
Callout
or to the approach radial?

Horlings
Rectangle

Horlings
Callout
?? DFDR heading nearly constant. Again, what is your drift angle? You mean sideslip angle?

Horlings
Callout
Not quite during engine accels.

Horlings
Callout
variations. Onset of light turbulence, and a copilot operating the controls against the autopilot.

Horlings
Squiggly

Horlings
Callout
Rudder is designed for >= 30 kt crosswind, isn't it? Why not possible to align with this large rudder deflection? Because the airplane was not on the (extended) runway centerline, but at the 117° approach radial.

Horlings
Callout
No, the pilot applied rudder, inappropriately

Horlings
Callout
the pilot applied near full rudder, increasing sideslip angle for aligning with runway, is not drift!

Horlings
Text Box
Drift is the angle between air and ground velocity. What is the NLR drift?

Horlings
Callout
Yes, change in heading, but is called a yaw, attaining a sideslip angle for alignment attempt with the runway - was unsuccessful. 

Horlings
Highlight

Horlings
Highlight

Horlings
Highlight

Horlings
Highlight

Horlings
Callout
You mean: are pointed

Horlings
Callout
control surfaces

Horlings
Highlight
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and lower rudder deflection. tne power lever positions and the pitch trim.

The Last one will not be shown because it is not of interes: here.

a) elevator {-ig. 9}. The average elevator control deflection was calculateo
and used. since it turned out that there were onlr very insignificant

differences between inboard and outboard elevator deflections.

07:31:40 GMT the amplitude variations are of a different natu

this moment. and also have a smaller emp-itude, It can be seen

moment of the pitch departure. at OT:L2:uS bui,) 5. *i r1 If m *1 (L‘ r~ ’J) 3. p. ’1 C} ,i.

input to warrant such a departure. Latcr~:n. however. there is elevator

control activity corresponding to pitch char {also the amplitude cf the

elevator variations increases more and more towards the end of the flight

data. in a seemingly Jivergent pattern. Such a pattern can also be typioa? of

approaching a narrow window {e.1. the l runway) under turbulen;

H O r r- I.I
. I t1 "r (hCircumstances where. when the pilot is itoo} tight-v cont

aircraft. over—control may take place.

4 rb} aileron deflection [Fis. LOX. The averrge aileron deflection is used.

where the average deilection equals the left — ritht a1

means that a positive value of the average defltcLiou means

the left, Again noteworthy here is the difference in patter‘

07:Bi:a0 GMT. Also there is at average trend left bank innut during the

second part of the flight segment. and this trend increases. also more $11

divergent pattern can be observed. similar to the elevator control.

c} rudder deflection (Fig, 111. The average rudder deflection is used. since

upper and lower rudder had essentially the same response. A positive rudder

deflection means a nose-right response. The time histor“ of the rudder

deflection is typical of wha: has been observed before. Before O7:31:&D GMT

rudder inputs are relatively small. probably generated bv the yaw damper.
,fitter that moment. however. the rudder inputs :row in amplitude in a

J hdivergent manner. with large rudder inputs at the end of th: :li ht date. inC")

an apparent attempt to decrab the aircraft. The lar e rudder input can be

0)seen to change the aircraft heading, depict a in iigure 6.

CONFIDENTIAL

and lower rudder défléhfiioni, the sows: lever fianfians and the pit-eh £31m.

Tho last one: will not be” shown bananas :it, 155'- afit‘ jof' intexest hare,

‘63 . i c .. The average elevator annual deflection was céléqatjejd
anti used, since it turned ou’i: that there-2 wexé only very insignificant.

‘zdiigferenges between inboaxd and outboard elevator deflections. Before

07:31:40 GMT the amplitude variations are off a Effie-rant: nature than aftef
this moment, and also have a mane: snpl_itud2.. It can be seen that at theE
moment of the pitch departure, at G.5’:32‘:£¥0' GET, there is hardly any elevator
1;:t to warrant such a departure. Later-on, hmver, there is. elevator
oontrol activity corresponding #30 pitch changes. Also thé amplitude of the

‘elavat‘or variations increases mama and more towards the and of the flight
data, in a sedatingly divorgent Patton. Such a pattern can also be typical of

approaching a narrow window (mg; the landing 'runivay)‘ under tufnulsn;
dmmstances, where, when the pilot is (too). tightly contzolling the

aircraft, (war-control may take plane.

, ,. The we'iga'go aiilgxon dofljoooion is usad,
where the average deflection érquals. tho left. - right aileron deflection. This
me-ans that a positive value of the average deflection moms a roll input to
the left. Again: no'aawOrthy her-e is the, 'diffiere’nee in? pattern before and after
07:31:40 Gm.A1so there is an average trend of? Lea: bank input during the-
o’aoofid part of the flight segxfient', and 2151113 fiend: increases. Also here a
divergent: pattern can be observed. sinilar: to the elevator control!

q) . V 7 . The“ mange mad-er ‘de‘f‘vlectmn is :13n since:
upper and lower raider hafi essentially- the same response. A positive 'rudfié't
deflection means a nose-right rB-S'ponss', Th3 time history of the; rudder

deflection is typical of What-has been observed before. Before 07:31:40 GMT
rudder inputs are relatively Small,. graham)? generated by the yaw damfier,
After that moment, however in the: rudder inputs gum in amplitude in a

divergent manner, with large rudfla'r inputs at the and of the flight: data,- in
en apparent attempt to dec'tab the aircraft. The large rudaer- input 1cm“! be
goon" to change the aircraft heading”, designed in. Eignre 6,.
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Horlings
Callout
What do you mean with departure? Loss of pitch control? Cannot be confirmed with DFDR data.

Horlings
Callout
CWS was engaged, which the pilot used inappropriately (NTSB).

Horlings
Text Box
Looked at pilot inputs? Rudder returned to zero just before touchdown. Why not analyze better?

Horlings
Highlight

Horlings
Highlight

Horlings
Highlight

Horlings
Callout
of course, elevator changes pitch. At 07:32:40 the pilot pulled on the elevator control. 

Horlings
Text Box
Airplane descending into or entering an area with light turbulence

Horlings
Highlight

Horlings
Highlight

Horlings
Highlight

Horlings
Callout
not divergent! Inappropriate pilot inputs.

Horlings
Highlight

Horlings
Highlight
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d] DOWer levers (His. 121. It turned out that position
ined several dropouts and other The best signs;a

wts the no. 3 power lever position. After 511..

from the three power lever position
signals by first di gnals. taking the average
of these. and then integrating the difference signal the
:Hrottlo position. Bet

still be present in the

in figure 1

rate. are given. ihe t"“ " j 7‘ to t ‘ 'ir -, . air} is
raiarively quiet durin :4? GMT. After
this point the power

correspondence with p“

overall response of the 4 vi; . ““rv. - ,3 ' ~ 7 “ Autothrottlo
system functioning a levers, since the position rate isn

a ”continuous” signal portions 0r 3- acLivitv. The CNS
mode of oper

which is confirmed by the type of response.
Noteworthy is the power lever reduction [or closure } at J? 52:38 Gui,
immediately after having reached a maximum of 30 degrees, which is the

Ff "3.
.

3d '4'! r r _; {1, :3
.

pm m l
r O H.

x
4 . t1
, rr :1"maximum value of the flight. loan cross-reierencing

toe: of altitude. it becomes apparent that the power L1VBLS were ciosed a: an
altitude of ubout Lit ft above the runway. Ti an altitude for

Lever closure

e shows that most0'3 En ,— r. \‘T O E? E.) F? H O {a ,_
.

i- ‘1"
: ‘1 (Y i
ll a“
) V1, t
r H :5" ’1) T} O 3' (p ’3

of the time the t1 is Less than : 5 deg 5. except for two events. viz. at
.he power levers were pulled bars

1 H H H .l

ra

around 0f:31:bU GMT, and It 07:3t1aU G}

from 30 degrees to 9 degrees, and then sligntly H . . ' -'fi, and back once
more. For the autothrottle system such a response is very unusual,
considering the height at which this took place. Either a mammal override has
taken place or the system has failed in some fashion.

DUTFLQW program, b” the Kalman
toe inertial flight path, in conjunction with
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d) pggg§_l§gg;§.i§ig‘_lzl. It turned out that the power lever position

signals contained several dropouts sod other invalid signals. The best signal

was the no. 3 power lever position” After first deleting outliers an average

power lever position signal was derived from the three power lever position

.signals by first differencing the valid.pos££ian signals. taking the average
of these, and then integrating the difference signal in order to get the
throttle position. Because of the integration, a ésmall) constant bias may

still be present in the calculated power lever position. The result is shown

in figure 12, where both the power lever position. as well as the position

rate. are given. The time history shows that power lever activity is
relatively quiet during the segment from-07:31:00 GMT to 07:31:40 GMT. After

this point the power lever position varies much more, mostly in
correspondence with pitch changes, although not all variations do so. The
.overall response of the power lever position is typical of the Autothrottle
system functioning and operating the power levers, since the position rate is
a “continuous” signal. rather than showing portions of no activity. The CW8
mode of operation of the flight control system implies that the autothrottle
is switched on, which is confirmed by the type of response.
Noteworthy is the power lever reduction (or closure?) at 07:32:38 GMT,

immediately after having reached a maximum of 30 degrees, which is the

maximum value of the flight. When cross-referencing this time history with
that of altitude, it becomes apparent that the power levers were closed at an
altitude of about 150 ft above the runway! This is too high an altitude for
power levers to be closed by the Autothrottle system (power lever closure
starts automatically at 50 ft). The power lever position rate shows that nest
of the time the rate is less than i 5 degys, except for two events. viz. at

around 07:31:50 GMT, and at 07:32:40 GEE. The power levers were pulled back

from 30 degrees to 5 degrees, and than slightly forward again, and hack once
more. For the autothrottle system_auch a response is very unusual.
considering the height at which this took place. Either a manual override has
taken place or the system has failed in some fashion.

2‘1‘1 accelerations

The inertial acceleratioos_were used by the OUTFLQW-program, by the Kalman
filter/smoother, to deriVe the inertial flight path, in conjunction with

@fifihIflfifillfiL

Horlings
Highlight

Horlings
Callout
No, separate systems. However ATS should always be on.

Horlings
Callout
Good!

Horlings
Callout
How accurate is this process?  Using discrete data? Sampling rate? 

Horlings
Highlight
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1other parameters. The accelerations were measured in the 53d? frame of
reference. A {iscussion follows below.

a) longitudinal and lateral acceleration (Fit. 73). As has o=eh observed with

, there is a difference in character before and after 07:31:40

5LT. After this point the pitch oscillations show up more clearly in the
longitudinal accelerations. The :ateral acceleration shOWS
the end of the data set. of about C.lg. According to s=otiF
crrzerates directly with the aerodynamic sideslip angle.

a; vertical acceleration (Fit, to}. Again the sane phenomenon can he observed
in Character of the reasonse. The pitch oscill
accelerations to occur. floteworthy is the var:'
the data set. where the signal drops from i.U8g in a continuous downward
trend to a value less than .agg. This could indicate a tendency to fall

t“; 5 ..u it. MaximwnLl
}downwards and coincides with the power lever closure at 1

vertical acceleratior is about L.2g maximum. ard .og minimum,

h) n v w-
\‘J ind data analysis

In this section results ~irom the OUTFLOW-program wilt be discussed. This

computer program (Ref. 3} computes wind time histories 3y subtracting the
inertial from the aerodynamic flight path. Both tc_ics are discussed in the

The inertial flight path has been derived through a Kalman filter and
smoother estimation process, using a mix of inertial platfiorm data. such as

Ithe Euler angles rroll, pitch. yaw), ground track and drift angle. magn tic{'u

heading angle. longitude and latitude tog ther with the inertial

ft
'

CCBp: (T; (I) bl E: F‘
»

{‘3 {D IA
,

f1
‘ H. r2 ,_. a Q. (I)

e
eratioes measured in the body frame of refer.noe. The -r’1)

{1) T1 D. W a i O altr.ude are used together. and are needed to assvre convergence of

H
O

-

he K3 man filt r/smoother dynamic behaviour. Various assumptions are made(I

about the noise sources in the data. The Kalman filter and smoother process

is applied in order to determine the minimum variance state traiectory of the
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other parameters. The-accelerations-were measured in the body frame of
reference. A discussion follows helot.

a) ‘ w _ . As has been observed with
the other data, there is a difiference in character before and after‘07z31za0
GMT. After this point the pitch oscillations show up more clearly in the
longitudinal accelerations. The lateral acceleration shows two peak values at
the end of the data set, of about 0.1g. According to section 2.2.1 this
correlates directly with the aerodynamic sideslip angle.

b) vertical acceleration (Fig, L42. again the same phenomenon can be observed
in character of the response. The pitch‘oscillations cause vertical
accelerations to occur. Noteworthy is the vertical acceleration at the end of
the data set, where the signal drops from 1.08g in'e continuous downward

trend to a value less than .893. This could indicate a tendency to fall
downwards and coincides with the power lever closure at 150 ft. Maximum
vertical acceleration is about 1.25 maximum, and .83 minimum.

2.; Wind data analysis

In this section the results from the DUTFLOW-progrem will be discussed. This
computer program (Ref. 3) computes wind time histories by subtracting the

inertial from the aerodynamic flight path. Both topics are discussed in the
next sections.

Zfigfil Inertial flight path

The inertial flight path has been derived through a Kalman filter and

smoother estimation process. using a mix of inertial platform data, such as
the Euler angles (roll, pitch, yaw), ground track and drift angle, magnetic

heading angle, longitude and latitude, together with the inertial
accelerations measured in the body frame of reference. The pressure altitude

and radio altitude are used together, and are needed to assure convergence of

the Kelman filter/smoother dynamic behaviour. Vaticus assumptions are made
about the noise sources in the data. The Kalman filter and smoother process

is applied in order to determine the minimum variance state trajectory of the -

GURFEDENTIAL

Horlings
Callout
onset of light turbulence.

Horlings
StrikeOut

Horlings
Text Box
Pitch decreased for 2 s, then increased again. DFDR data shows this increase of g just prior to landing. 

Horlings
Arrow

Horlings
Text Box
= light turbulence

Horlings
Text Box
Seen the copilot elevator control inputs against the AP, resulting in thrust variations, hence speed changes? Also the gust filter in the ATS increased and decreased the IAS with 5 kt several times, following the onset of light turbulence.

Horlings
Callout
No, turbulence caused speed changes (gust filter in ATS). Copilot changed pitch inappropriately, unfamiliar with CWS.

Horlings
Callout
How does the model know the aerodynamic flight path? What are the limitations of this method?

Horlings
Callout
Smooth flight path considered, but was it? Did you include control inputs by the piots? And the turbulence that occurred? How accurate and trustworthy is this anaylsis? 

Horlings
Callout
No, the N1 variations.

Horlings
Highlight

Horlings
Callout
which?

Horlings
Highlight

Horlings
Callout
Influence on outcome?
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Biases are assumed :0 be present in the accelerometer signals as

y.» ,_.
.LI:wel‘ as in the .ositisn oats from the navigation s"stem. Unriou 3am".l" “E

k 1.11outpow th inertial fligh.‘If: Hrates are used for tho varameters. A atkF? '0

terms of pogition (K.y z} and velocities iu.v w? are delivered, as well as

r—r [‘[Ithe {constant} biases in the acceletome r slflnals and inattial navigacionslC‘ s.

dar:1 (position). The sampling rate of these states er second. Toe; r‘ +- m ”J

altitude h and vertical velocity dh/dt are of special importance because thev
determine the vocuracy of the vertical wini artracted later-0n. I: is assumed

may contain errors due to u, or downdrafts‘ gr:

.Cdio—alticude signal may ;o:tain errors due to nonrflat
terrain. A detailed description of :his pICCuSS is given in Reference a,

l {DlfiTiC pressure. The fuselage nngle of attack is measured b; an an {IQ

measured. and has to be eszimated. if a good estimate of 222 wind components

L,;.2_l Sideslip angle estimation

f-nis or ode wind

turned out«: {D F) (1 O ,4 ‘
l

.
4 :5 r1 3‘ i?) G 93 9') FT; 0 V"? r} 91‘ O ,_. r» l

L O H D] *0 (D ("I ‘4 [L l {a \J O "i r'f V"
( ,4 r\ "E lo
7

thy: the landing :ooK place in crosswlnd conditions, whe:s the sidoslip angle
becomes even more imp rrant. In program OUT? OK so estimet: of the sideslip0

angle is being used, based on the lintar lateral dynamics of the aircraft
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aircraft. Biases are assumed to be present in the accelerometer signals as
well as in the position data from the navigation system. Various sampling
rates are used for the parameters. As output the inertial flight path in

terms of position (x,y,z) and velocities (u,v,w) are delivered, as well as

Ithe (constant) biases in the accelerometer signals and inertial navigational

data (position). The sampling rate of those States is 4 times per second. The

altitude h and vertical velocity dh/dt are of special importance because they
determine the accuracy of the vertical wind extracted later-one It is assumed

that the bare-altitude signal may contain errors due to up or downdrafts, and

also that the radio-altitude signal may contain errors due to non-flat
terrain. A detailed description ofrthis process-is given in Reference 4.:

g*s Aerodynamic flight path

For determining the aerodynamic flight path, it is necessary to know the
fuselage angle of attack and the sideslip angle. besides the total
vaerodynamic pressure. The fuselage angle of attack is measured by an angle-
of-attack vane, located somewhere on the fuselage. The sideslip angle was not
measured, and has to be estimated, if a good estimate of the wind components
is to be made. The estimation process is further described in section
2.2.2.1.

gm Sideslip angle aet‘Matfion

The sideslip angle fl is required in order to have a good estimate of the wind
vector. In the case of Faro it is of special importance because it turned out
that the landing took place in crosswind conditions, where the sideslip angle

becomes even more important. In program GUTFLOW an estimate of the sidealip
angle is being used, based on the.linear lateral dynamics of the aircraft
(Ref. 4). This estimate applies for a number og assumptions, viz.:
- there is no lateral gust and wind component:
- there are no rudder inputs;

- the side~£orce derivative Y}R:--D.
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Horlings
Rectangle

Horlings
Callout
Differentiating discrete data samples of 4 per second? Is that allowed? No, not a good engineering practice.

Horlings
Callout
How and why? Sideslip is zero while yaw damper is active and feet on the floor. 

Horlings
Callout
Is always required in crosswinds for aligning the airplane with the runway during the last seconds of flight.

Horlings
Callout
?? There was light turbulence during the last 70 s of flight. No gust and lateral wind component? 

Horlings
Callout
Is this reliable when in turbulence?

Horlings
Squiggly

Horlings
Callout
sideslip angle or drift angle? 

Horlings
Arrow

Horlings
Callout
There were, nearly continuously by the copilot.

Horlings
Callout
There were continuous roll control inputs by the copilot. 

Horlings
Callout
These assumptions cannot be met, hence the sideslip estimation cannot be valid.

Horlings
Text Box
But you don't have data of the landing.

Horlings
Callout
Sideslip angle? Or drift angle?

Horlings
Highlight

Horlings
Highlight

Horlings
Text Box
How is this illustrated in the output data?

Horlings
Highlight

Horlings
Text Box
What is your aerodynamic flight path? 

Horlings
Arrow

Horlings
Highlight

Horlings
Highlight

Horlings
Text Box
Ever verified your models with data of a flight after a real windshear encounter?

Horlings
Highlight

Horlings
Callout
AOA? 

Horlings
Highlight
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In View of the Faro—accident analysis it became clear theL not all of the

assumptions held, noteblr, that the condition Eha: there are no rudder inputs

F H ..J ‘1.he 36-10 date there are two rudder innate. viz. 5 and 5,“ . for Lower

3nd Upper rudder respectively. Both reached quite l“rge values during the

from which one C”D es: mate 5:

1 I l

A}
. \a w

7This is the ”new” estima‘or. In order to obLaln the new estimate. however.(

the side-force due :0 slip angle, E3, the side force due to yaw rate. Yr; and

the side force due to rudder deflection. Yhfl have to be known. An estimate of

these is provided in the next sectior.

in Eq. {1) 5: is the average rudder deflectioh. From inspection of the data

both the upger and lower rudder time responses were found to be identical.

and hence only the lower rudder deflection, sampled once per second. has been

used in the above equation, where Y—: is based on the total upper + Lower

rudder deflection.

9,».e.l.l Side force due to rudder control deriva:ive YE:

eThe side force due to rudder control derivative is esti.ated using similar

"hdata or a DC-S. of which data was available {Ref. 5}. For the DC-B, where

there is no upper or lOWer rudder. the derivative 35: is ~U.O;38 (s.rad‘k“i at

CCNFZDENTIAL
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g on 930-30 .6

In view of the Faro-accident analysis it became clear that not all of the
»aseumptions held. notably, that the condition that there are no rudder’inputs
.is no longer valid,'and that there is no laterel_vind component.

In the 00-10 data there are. two rudder inputs, viz. an and 6,, , for Lever
and Upper rudder respectively. Both reached quite large values during the
approach. Hence the rudder inputs were included in the linearized lateral
equation of motion. which resulted in a first-order filter for the sideslip
angle estimate. This was called the improved estimator. However, because of
the large rudder inputs and the fact that lateral acceleration has also been
measured, it was felt better to use the lateral acceleration Aq’ or specific
side force Y/m, to directly estimate the sidsslip angle fl. The specific side
force is the result.of an aerodynamic slip angle fl! and rudder defleCtions 63,
to first order as follows:

A, = Y,.g+r,.r+ra'.a£ - (1)

from which one can estimate 5:

30:.) = [Mtg «rm-yardagg/r, (2')

‘This is the “new" estimhtor. In order to.obtsin the new estimate, however,

the side-force due to slip anglee Y}, the side fierce due to yew rate, 2;, and.
the side force due to rudder deflection. Y},. have to be known. an estimate of
these is provided in the next section.

In Eq. (1) 6, is the average rudder deflection. From inspection of the data
both the upper and lower rudder time responses were found to be identical,
and hence only the lower rudder deflection. sampled once per second. has been

used in the above equation, where Y“ is based.- qn the total upper + lower
rudder deflection.

The side force due to rudder control derivative is estinated using similar
data for a Dc-S, of which data.wns available (Ref..5). For the nc-a. where

there is no upper or lower rudder. the derivativt Yd; is -0.0238 (s.rad)'1 at

GDNFIDEHTIfiL

Horlings
Text Box
So sideslip angle estimation not valid for crosswind landings? The pilot applied rudder inputs during the last 40 s of flight! It is of no use to continue with this analysis, sorry estimation. 

Horlings
Callout
Following pilot inputs.

Horlings
Highlight

Horlings
Highlight

Horlings
Highlight

Horlings
Highlight

Horlings
Text Box
Missing here is another very important side force, the side force due to bank angle in the lateral body axis: W.sin phi. 

Horlings
Highlight

Horlings
Callout
These values were very small, how accurate will resulting sideslip be? 

Horlings
Arrow

Horlings
Arrow
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an approach speed U3 0: Tfi m/s. Obviously the size of the rudder and aircraft
play a role. Vhen using a notdimensional expressio“, rofareoced :0 the
Lgilfin area, one can write

where SE5 w Laiifin area 28‘} m4 :g: the DC»E_ the can calculate now that
for :50 particular condition 0: the Dcwh in the daaabase {m=%¢103 k2;

'tr, which

0 C E d M r M Q n G [L E C

COHFTDERTIKL
,29-

“5"”.
7

an approach" speed at, of 74 ny/‘s. Ghvinu’aly the size. of the watcher and aircraft
play a role, When using a nendimensienal expression, referenced to the

teilfin area. one can write '

3 1 ar .- l/wz'se 60: 3Y9 m: “—"m- '33; H

where St, - teilfin ate: - 23.3 a? far the 86—8. One can calculate new that

for the particular cendition of the DEBS in the databaSe (mFGGlOG kg;

P142256 Rm”)
362 . _a 1.5 1. -(433; 94 red )

This is converted to a "DCelO“ value by ineorperating a form factor, which
depends on the ratio of rudder-to-teilfin area. For the DC—8 this ratio is

0.389, for the DC-lO it is 0.224. The aide-projected area of the third engine
pod of the DC~10 has been included in this estimate.
Then an estimate for the nondimenaionel side-fbrce-to~rudder derivative fer
the DC-lO is:

36'! . o 224‘ -7= . ’ = 0.9 B 1 ' 5.53; ,1 sgaxm 1 red ( )

When inverting the process above by invoking Eq. (3). for a maximum landing
mass (Series 30) of 182798 kg, p- 1.2%5 kg/h? and approach speed of 72 mjs

(14h kts), the derivative fer the DG-lfl becames (based an a total rudder area
of 10.3 m?)

21,, = - 0.01.92 (s.rad)'1 (6)
This value is about half that ef the Edda, Whiéh, compared te'the much higher
mass of the DC-lo, is reasonable.

When estimating the eideslip angle. it became epparent that rudder inputs
only contributed very little to the tetal lateral acceleration. With a
maximum rudder deflection recorded of--23 degrees (-0.4 rad), the maximum

‘centribution to the lateral apeelerztien is then -0.0102 * —O.4.-.00&08 m/ez -

0.04s. Maximum lateral acceleration recorded was 10.131

CONFEDEHIIfiL
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Text Box
Was this then allowed? Useful? 

Horlings
Highlight
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; i.2 Side force due :0 sideslip angle 3

One “aramace: in :ho equation for 3 is the aims foro; derivatixu '-. For the

".rad)"‘. olow.0
x 5‘ 51')

l‘ 5,: H ,s 1 1 fr) H» I5 _; s—
-. 4 L)DC~8 from t.e database this value is —5‘1

,Va 5in; Or argumen: as for :ne control derivative\ one oan escaolish thel

fioliowing ruwe:

fiith an airspeed ratio which is about 1,:. and [YJEH}5 = ~b.26 m,{si.rad}'l

A comparison between the sideslip angle produced by Clo "new” esrimator and

the ”improved“ estimator is given in figure 15 for the flight a Faroi(7
Clearly visible is the filtering behaviour of the improved estimator: whereas

the new estizator includes the highermfr‘quency variations in the siies1ip

angle due to turbulence effects. A peak sidesiiy an_ie of abw

can be observed to occur a: the and of the data. These turbul

will be taken care of by the windshear model identification procpss.

.i.g Side force due to yaw rate r

H,The side orce due to yaw ate is derived from the side force due to sideslip

:ngle derivative Y5, assuming that the vertical tail area contributes most to

Caese derivatives. From Ref.5 one can obtain

where Cy, is based on the vertical tail area. and 1? is 25 m tor fine DC—lO.

obtained from

C - “1V: ———————;Yfl (-9)
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' Bias» ’ffireé 'dfieé t6" 6365:3112 angle i3

One parameter in the 5932121521 in: ,3 is. {ha sigh: fogs; derivative Y5. 391: the-
EG‘B: from the database, thié: value. ia- $.25; m;.5(£§3‘.r*ad)fi"1. Following a similar
line of argument as fax: the 99:1;r0’1 derivafifig, vqno; can establish the,
following. rule:

{asaaama (Vane—'10. may;
(33)]3c—8 W)DC-5 W-Ib

(Yrs) ”9"“? *‘ (Y33Dc'w8
(=7):

cvflaa x @964 7
(V§>m.3 mDC'ifl

mm ran airsyeeé ratie which is "Khan: .10 and :(YsJ‘saa 1* -3'.:2‘o’ m.'(rsiz‘.=ad)“17.
thgn one may estimate that (Ya-mam 7— 6187 'm. (gszsradg‘l- In the. gaEéue
expressions S3, is the» proj act-ed Bra in side View.

A campaim between the sides‘lip angle produgzed by the "new" estimator and

thin “improved" estimatovr‘ is giver: in figure 15' for the flight at: Faro.
Clearly visible is the filtering behaving of the improved sstimatogr, whergas
this naw estimator includes the highersfrequency variations in this sideslip

angle due to turbulence effects. A peak sides-slip angle of about 20' degrees

can be observed to haunt at the and of the .data’. These turbulence affects

mll be taken cars of, by the windshear- medal idsntificapion progess.

V32 s'iae fame due to yaw ran-a. r

The firm fart-"3' due to 3%? rite i5 flair-Wed fxgm aha side fame due to fiiéa'siip:
az'sgle' sari:‘V'ativé 36,, asssming that: the. asrtis-sl fail area ssatribmgés mas-t to
these derivatives. hamleffi ans can. ashram

when '63,, is based an the vertmal {@5131 area. and 1‘, is 235" m 1551-: the '36—‘10};
With (flags-an: qh'tamea Eran

.4:'
.‘::,

.‘-:-
:§:¢

27-
r—

13:
:m.
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,._.

_,.,
..._

.-,-
WL

Horlings
Callout
Where did you observe? The pilot applied near max. rudder, no turbulence effects! Chasing numbers?

Horlings
Highlight

Horlings
Highlight

Horlings
Text Box
Is this approved?



CONFIDENTIAL

— ~1.34 m.fs.rad}”

a;Milo the low yaw rates involved in pflE
rate term in computing the sideslip angle will be nugligible.

angle of attack calibraLio:

Originally :hc calibration used for the fuselage angla of attack, for a flap
setting of 35 degrees. for :he TC—lO was:

It turned out when this s andard alpha—vane sngle o-lmoracion was used; Chat
u'w‘the ”:sulcing verfii :‘ wind became unrealistically large‘ l“ a negative

Sinse. Hence an 3:“ernative calibracion "as used, based on the assumption

that the vertical wind velocity, when going through the core of a downourst‘a

aibratinn wasmus: be zero‘ The

nFor pitch rate correction of lhe alpha Vane siznal
alpha—vane and the center of gravity of 15.8 m was

pitch rate signal was derived from Cse oitcn ang-

second running mean pitch angle. This filtering was performed

1'
r S m .J .L‘

} C 31> rr h“ C N ,4 f1, ,. ll :11 C r. ,_.' (I. iS (T: ,._
. m (+ r ,4 4 (D ,_. '-’.

‘ A”
. Q H [U (/1 O ,i C r1 H- O '2! O I’h d D" I")avoid noise to PECET

signal‘o

W‘th this oalibratior the first windshssr analysis was performed‘ lg ”Assad

ram had difficulty modeling theout that the wildshcar identification (1‘

ed and relatively large residualsr1!

pro
dowzburst vertical wind profile that exis

in Lhe vertical wind remained. The reason was that there was a negative Cre

1n the vortical wind towards the end. which was very hard to correct for. By
visually inspecting the residuals, and by rial and error, it was found tho
the probable cause for this could be the c: oi sidesllp angle on the

cementum
.22-
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J“

follows ainp1y:

‘ I .
”'2’ mm "‘ Tr“: " {Wm—m

>7ifi 3.81.

a -1.34 an (3.15:!) 4

With the law yaw rates involved in the. Fate case, the contribution of? the yew

rate term in computing the sideelip angle V111 be negligible.

2.2.2 2 Angle of attack calibration

originally the calibration used for the fuselage angle oi" attack, for a; :fila‘p

setting of 50 degrees, for the Dar-1t} was:

a, = 0.519 am, - 0.00566 (red) (11)

it turned out when this standard alpha-vane angle calibration was used, that

the resulting vertical wind became unrealistically large, in a negative
sense. Hence an alternative calibration was used, based on the assumption

that the vertical wind velocity, when going through the core of a dowoburst,
must be zero. The alternative calibration Was

a; -= 0.519 and. 4- 0.8.4959 (red) (12‘)

For pitch rate correction of the alpha-vane signal a distance between the

alpha-vane and the center of gravity of 16 .8 m was aeswned to exist. The
pitch rate signal was derived from the pitch angle by differencing the 10-
eecond running mean pitch angle. This filtering was performed in order to
avoid noise to enter the equation due to the relatively low resolution of the
signal .

With this calibration the first wind-sheer enelveis was performed. It med
out that the windshear identification program had difficulty modeling the
demure-t vertical wind profile that ministeredr and relatively large residuals
in the vertical wind remained. The reason was that there was a negative trend
in the vertical wind towards the end, which was very hard to correct for. By‘

visually inspecting the residuals. and “by trial and error, it was found that
the probable cause for this could be the effect of side‘slip. angle on the

connomxai

Horlings
Text Box
NLR lost contact with (1) flying in gusty winds, by a pilot who did not handle the controls as he was supposed to, and (2) with objective and real flight data as recorded on the DFDR.Did you include effects of yaw damper, all feedbacks to the ATS, etc. etc, i.e. a dynamic environment? Why is this analysis not in CR 94238 C anymore? Because it is not right, not applicable to this flight, is it?

Horlings
Callout
Were there vertical winds? No. Look at the DFDR data, knowing the non-precision approach procedure, and the warnings in the AOM to discontinue PAPI guidance below 200 ft.

Horlings
Highlight

Horlings
Callout
Elevator was far from max. deflected! 

Horlings
Squiggly

Horlings
Text Box
Why are airspeed, density and temperature not included?
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angle of attack: which is a real phenomenon. By correlfti

model error with sideslip angle. a statistically si ii“L-T‘ r4- 1"}

H. .n the alpha vane angle calibration could be found, which

a very beneficial effect on the overall windshear identification process. Th-
main effect was to change the negative trend of the verti
end of the data set, This made it possible to apply a cor.-

vane calibration. such that the VBitiCal wind could he sh?

This in turn made it possible for the windsheat identiiic»

tier identitv the downburst model in the setinLingU” (D

‘After having gone through such an iteration process ‘

vane angle calibration applied was as follows:

ant. corrective term

Turned out to have

(L
"I rnwind towards t.

as :{).519 a - L.0885 n + 1.50 a B + 0.0'12 {red} \13}
- ‘I an e ‘1 an E

k.4.L Lateral and vertical fliTht profile

The resulting 3—dimensional flight path, obtained from fine EU

a lsmoother is given in this secti ,q\

ix,y} and the ”et“ical profile {3.2),

hi_ consists of the lateral fli

we axis systems can be used to portray the “light path. In the first one the

fosition is given in a Cartesian axis system, with the x-axis pointitc true

north, the y-axis pointing true eastward. and tne vettica

downwards. The heigat hm-z is positive upwards. the noP“ H t;

origin of the axis system is located at the runway thresh

"D

l zgaxis pointing

rmal sense. The

old.

In the second (righthanded) axis system, called the runway axis system. the
\ ‘h-ahis is aligned with tea runway, witn the positive K-ax

tun"ay threshold u wind in the take—off direction. the 3-

right. and again the z~axis loints into the ground, f

rule. The origin of this axis svstem is also located at t

TXe distance from the aircraft to the origin of this aris

along the X—axis. is also called the ”ownrange distance

the right the crossrange distance (positive to the ri'ht

centerline).

CONFID‘NTIAL
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is nointing from the

axis points to "he

oliowing the titnthand

ne runway threshold,

system. measured

and the distance to

of the runway

ag-

0‘
.lfigie of attack», which» is a Steel pheneeeem. Ely eefialating- the vertiC'a-l fine»
matte]. error with Vsifieslip angle, a statistic‘eliy sigpifiez-mt, qqrre'etive term
in the alpha vane afigl-e calibratien child. he fennel, which turned out to have
a "very beneficial efi‘fect on the overall. «windshe‘ar identification process. The
Ehin effect was to change the. negative ti'énd hf- the Vertical wind towards the.
end «if the data set. This made it possible to apply a (inflection to the alpha;
vane calibration, such that the vertical wind could be shifted (inwards.
This in tum made it 90351312 fax the windsheer- ideatiif/ieation process to
‘mch better identify the d‘owfiburet gmedel in {the beginning of the data run.

'Affier hating ‘goh’e through Butt: an 'ibiehet‘ib'n- prams; t'wfiee, the final 3111113,
.vene‘ angle. calibration applied was as fiailewe':

cf 50.519 am, '- 01.6.8133 p :+ £1.59 MJ + 20.43312 (mar). (13)

LL; Lateral and vetting]. flight profile

The resulting. 3,-dimensri‘ona1 flight path, obtained from the Kalman filter—
smoother is given 1ft this sécfiien. ”This consists Of ’thé Lateral flightpe’t‘h

(gay) and the vertical profile €31.33-

Two axis system: can be used to port-ray the flight path. In the first one the
.pdsigti’cn is, givau in a. Cartesian antis- sfys'tem, with the: .x-axis painting true:
north, the y-axis pointing true eastward, are; the vertical 'z-axis pointing:
dawnwards. The height hare is :p'es’itive upwards} in the normal sense. The.
ozigin of the axis system. is Iveated at the runway- threshald.

In the secnnd ,(righthanded) axis system, sailed the may axis system- the
Sit-axis is aligned with the rumat. with the p‘bsit-ivei iii-axis writing team the;
runway threshold upwind in the take-off direct-$011, the y-axis points the the
right, and again the z-mcis paints men the gifemzfi. fifllowing the tighth'anfl‘
rule, The origin of this axis system: .ig also. located at the: runway thrashaljd.
Thé distance from the airdt'aft 133' the asr'igin of this axis. system, 'measu'red;

alone the x-axis. is else refilled the. demange dimmer-2;. and the dietame 1:9
the night the. erase-ragga; distme (pesitnre to the eight. n‘f- the runway
Waterline) .

-.‘
£‘
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Horlings
Text Box
Do you really have faith in these calculations? Not really, is it? In flight-test we'd use a flight-test nose boom, because there is no other accurate way.

Horlings
Text Box
The reason that ILS and other landing systems exist shows that these calculations cannot be accurate enough. Too many uncertainties in variables and too many estimations.

Horlings
Text Box
Are you really sure? No more than wishful thinking. 



CUFF: ENTIAL
-23-

/‘ CR 93080 C
2 a:

path (Figs. 1f aid 17l. flight path in north~south and5.: x.» In.»

cast—west distance is shown in figure 16. A larger-scale situation is

i,y- , , 'u these figures aise tue VCRfDME approach radial and

rI
i

Et '1’” C) (‘1 0 G L'; I1 )-‘ {‘J m ’1 r 1 r1 0 i

[‘1
'

proceeds to intercept the runway centerlinfi. The final point has been
estimated to be located 315 m downward of the runway threshold. on the

ftfimin onlv 2—3 seconds of flight is left before impaut a the runwav.

,arded_ At a undapeed of‘
f T r9 f'h H m H ('J L; U1 J "D (T: ,3“ CA. id 1'; W {I (

11

abOLC TU m”s the E~3 seconds of Eli ht e.ua:es to a distance of about 18; m,/

It was learned that touchdown markings were Eound on the runway about i m
down the 7 3 ~ ’ , the estimated fin:l point oi the data here at Dr

agment inainating that the aircraft’s track does not

d stance profile
during

3 downrange

distance profiis of the VOR/DkE 3 aircraft scams tc
required altitude teas

pitcn {phugnidl ostiiiations have growt to

coincidently l vels off at about 125 m. At

arrived above the runway threshold (within the uncertaiJCy of :ne final point
as discussed beiore}, at an altitude of 150 ft (4; m). and seems to have

liveled off again ”hen the power levers are closed. In View of the fact that
tht airsaeed is not high at this pointr unis would not be necessary. with the
aircraft in a high-drag configuration at this gain: 5 " - 3 digreesl.
closing the power leve;s at this relativeiylxh

hard landing, Rich the aircraft still Grabbing: the combination of Chas:

JCNFIDENTIAI.
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_ en“. H A . The flight path in northbsouth and
east-west distance is shown in figure 16. A largermScale situation is
depicted in figure 17. In these figures also the VOE/DHE approach radial and

the runway centerline are depicted, It_becomes clear from this that the

,aircraft is north of the intended track, but.is curving southward, and then

proceeds to intercept the runway centerline. The final point has been
estimated to be located 315 n downward of the runway threshold, on the

centerline. This is based on the estimate that at the final sink rate of 1000

ft/min Only 2-3 ascends of flight is left before impact with the runway. The

distance flown during the flare has been disregarded. At a groundspeed of
about 70 m/s the 2-3 seconds of flight equates to a distance of about 185 m.

It was learned that touchdown markings were found an the runway about 500 m

down the runway. placing the estimated final point of the data here at 315 m
down the runway..A better definition of-this final point can only be obtained
using flight data from the flight data (crash) recorder. The larger-scale
picture shows that the aircraft is curving slightly to the north above the

runway. with the final segment indicating that the aircraft's track does not
align with the runway.

b) zggtical profile (gig. 1g). The altitude versus downrange distance profile
during the approach is depicted in figure 18. The altitude vs downrange

distance profile of the VCR/DEE approach is also given. The aircraft seems to
follow the required altitude reasonably Well, but oscillations can be seen to
develop after 07:30:40 GMT. Either the aircraft is leveling off at the
minimum descent altitude (EDA) of 400 ft (122 m), before proceeding, or the
pitch (phagoid) oscillations have grown to such an extent that the aircraft
coincidently levels off at about 125 m. At 07:32:40 GMT the aircraft has

arrived above the runway threshold (within the uncertainty of the final point

as discussed‘before). at an altitude of 150 ft (45 m), and seems to have

leveled off again when the power levers-are closed. In view of the fact that
the airspeed is not high at this point, this would-not.be necessary. With the
aircraft in a high-drag configuration at this point (flaps 50 degrees).
closing the power levers at this relatively high altitude has the potential
of a hard landing. With the aircraft still crabbing, the combination of‘these
factors has the potential of damaging the landing gear.

COHEIDEETIAL

Horlings
Callout
This figure cannot be right. Fig. 17 same.

Horlings
Callout
How did it become clear? 

Horlings
Squiggly

Horlings
Callout
Did you not notice the pull-up for go-around?

Horlings
Squiggly

Horlings
Callout
Airspeed had decreased to 126 kt, 63 m/s with only crosswind

Horlings
Callout
really that accurate? Can you believe those numbers? Where is your accuracy estimate?

Horlings
Squiggly

Horlings
Callout
The copilot was interfering with the autopilot (in vert. spd mode) by pushing and pulling the controls inappropriately. 

Horlings
Squiggly

Horlings
Callout
No, just the transition from vert. spd mode to manual using CWS, at the prescribed altitude. The ROD set on the AP was obviously a little larger than required for the actual wind, making level flight for 10 s required to intercept the PAPI glideslope lights.

Horlings
Callout
The AOM warns to not descend below PAPI lights below 200 ft to avoid the landing gear of the big DC-10 from touching down before the threshold.

Horlings
Text Box
How did you calculate?

Horlings
Callout
Not in agreement with control inputs.

Horlings
Callout
on the left side (half outside of), but in the direction of 

Horlings
Squiggly

Horlings
Highlight
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. . ’Iifh‘e Vertical speed, as estimated by the Kaluau

filter-smoother process, shows considerable. oscillations after 07:31:26 GMT.
At about 07:32:15 GMT the aircraft even starts climbing. Sink rate in the
final portion of the flight is reduced to about 10.0 ft/nin at about 07:32:40

GMT. This is the point where the throttles were closed. After this point the
sink rate increases to about 1000 ill/min.

27, g , t: Wind profiles

The. wind components were computed by the Outflow-program by computing the
difference between inertial and aerodynamic velocities. The inertial

velocities Were determined by the Kalman filter-smoother process. The
aerodynamic velocities were determined using the calibrated airspeed, true
airspeed, Mach number. static and/or total air temperature, and the alpha-
vene mgle. The calibration of the alpha—vane angle has been described before
(section 2.2.2.2). The sideslip angle use estimated using the new estmetor
described in section 2.2.2.1.

The resulting wind profiles are given in figures 20-26. and are discussed

next. The last two figures, figure 25 end‘.26j, contain results on wind
profiles obtained from data measured on board a Mhrt‘inair B767, which landed

at Faro airport 5-6 minutes before the 13040.

a)W The time history shows a classic case of vortex
passage, 1.3. the aircraft must have passed through, or very close to, the

core of a ring vortex which describes the phenomenon of a downburst. This is
indicated by first a downdraft, and then an upward peak, followed again by a

downward going trend in vertical wind. Maximum updraft measured is about 6

m/s, or 1180 ft/min. It is worthy to note that the greatest change in

vertical wind, from the upward peel: downwards to about zero, occurs at

07:31:40 GMT, which coincides with the moment of switch-OVer of autopilot

mode, from autopilot to (MS. The rapid change in vertical wind, or negati‘Ve

gradient, will lead to a downward pitching motion of the aircraft, when gene
unchecked. This can be explained by visualizing the wing to just have left
the wdraft region, but with the tail ere-s. still in the updraft, causing the
nose to'pitch down. The msgnimds of this response depends on the magnitude

mnmm

Horlings
Callout
Considerable? Was the filter fed with pilot inputs as well? Are you not chasing numbers? 

Horlings
Squiggly

Horlings
Callout
Climbing? Did you look at DFDR data? The pilot saw three red and one white PAPI lights, he was too low.

Horlings
Callout
and the pilot pulled on the controls to avoid touchdown ahead of the threshold; the captain told him (CVR).

Horlings
Callout
The beginning of light turbulence, copilot manipulated the elevator control against the autopilot.

Horlings
Text Box
It seems that the writer is biased by the requirement to write towards windshear effects, and did not objectively analyze all of the available the data.

Horlings
Callout
when the copilot pushed the pitch control against the vert. spd mode of the autopilot. Switch to CWS was at 07:31:56 your time.

Horlings
Arrow

Horlings
Arrow

Horlings
Highlight

Horlings
Highlight

Horlings
Rectangle

Horlings
Text Box
What is the accuracy? 



\ ::yonents (Fig. 21». The typical characteristic 0_iJ’ 5 O ,1 (+
1 :7 [.1 II} 0. r; a: U! (1- z: p4

.
:3 Q t.1 0 II! T

these wind profiles is tne trend with time which ex13ts. especially in the
east—west wind component. ‘, . " a stiff southerly wind component of
between 10 and 20 m/s {3w

even :0 39 m/s {60 5:5}. At the ititiai tin: still coming from'1)

w1nothe east. 1.9. there is e headwind. but this

comp nent of l“ mfs (2U kts}. The northesouth wind component shows a reverse.
in trend at about O?:31:QO CbT. Overall there is quite some turbulence. on
wlich more wili be said in the next chapter.

cj along track {Rd ctosstrack wind components (Pig. in).

neativ east»vest orientation of the runway {runway heading is L06 dvgrees
magnetic. i.e. 100 degree true). the along-track and crosstrocx wind
commonen”s shown in -Lgure 22 look very much like the north~south and east-
ves: wind components discussed ptoviousLy. The along-track x

approach 'rom about 3 m/s (10 kts) neadwind to : m/s xi rts:

Acrosswiud. starting at about 15 m/s {30 kts)
right, with moment’ peaks (gusts) even of =3 m/s {

o] total windsveed (Fig. 233. The total windspeed {veztox sum in the

horizontai piano) shows :ue reversal in trend observed heiore. with at
increasing level of turbulence after the point where the reversal occurs,
1.9. after about L?:31:40 GMT. Shown in the same figure is the windspeed as

3y the meteo for runway 11 on the airport as function of time. n
,mean wind and a maximum wind :gust factor] have been reported by the meteo

p3 -- . n 1-; “fly?or this runwav, and are shown in figure 23. She wind at u/.JLIQO Gui. as"5‘:

obtained from the windsteat enalysis, shows a windspeed above the runway

reported maximum

e} wind direction -Fie. 241. The wind direction shows an eimwst cortinuing
change with :ime. with the wind veering from about LED degrees to ZOU degrees
during the approach. This is contrary to the boundary iayer effect, where one
would have expected the wind to back during the approach due to boundary

CONFIDEGTlAt
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commune
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a“

.Gf'tha eradient 893/33» whsra,fi; is the ve?e
distance.

'nnl wins... and x the. (horizontal)

. The typical characteristic of

these wind profiles is the trend with- time which exis_ts. especially in the
east-west wind component. There is a stiff southerly wind component of
between 10 and 20 m/s (20°40 kts), with some large peaks at the and reaching

even to 30 m/s (60 kts). At the-initial point the wind is still coming from
the cost, 1.9. there is a headwind, but this changes into a westerly wind
component of 10 m/s (20 hts). The north-south wind component shows a reversal

in trend at about 07:31:40 GMZB. Overall there is quite some turbulence, on

which more win he said in the next chapter.

-t a c o's r >wind o onents F1 22 . Becausef the
nearly east-west orientation of the runway (tummy heading is 106 degrees
magnetic, i.e. 100 degree true), the along‘track and crosstrack wind

components shown in figure 22 look very much like the north-south and east-

west wind components discussed previously. The along—track wind changes
during the approach from about 5 m/s (10 kts) headWind to 5 m/s (10 kts)

tailwind. There is considerable crosswind, starting at about 15 m/s (30 kts)

from the right, with momentary peaks (gusts; even of 35 m/s (70 kts).

d) ggtgLJghgyauggLig‘_23l. The total windspecd (vector sum in the
horizontal plane) shows the reversal in trend observed before. with an
increasing level of turbulence after the point where the reversal occurs,

i.e. after about 07:3lzh0 GMT. Shown in the same figure is the windspeed as
observed by the meteo for runway 11 on the airport as function of time. A
mean wind and a maximum wind (gust factor) have been reported by the meteo

for this may, and are shown in; figure 2,3,. The wind at 07:32:49 GMT. as,
obtained from the windshear analysis, Shows aawindspeed above the runway

reported maximum windspeed.

re) fling direction (E1g.V2&). The wind direction shows an.slmost continuing
change with time, with the wind veering Eran about 160 degrees to 200 degrees

during the approach. This is contrary to the boundary layer effect, where one

won1d have expected the wind to back during the cypress-oh due to. boundary

QGEFIDEETIHL

Horlings
Text Box
Bad analysis

Horlings
Callout
Then why does the heading to get to the airport not change? (the drift angle would change).

Horlings
Callout
What makes you say this? 

Horlings
Squiggly

Horlings
Squiggly

Horlings
Squiggly

Horlings
Callout
How do you know? 

Horlings
Callout
In aviation called headwind

Horlings
Callout
If so, then why didn't the airplane heading change during the last 80 s of flight? 

Horlings
Callout
Boundary layer is on the wings, isn't it? You mean ground effect? (Below half wingspan height?)

Horlings
Rectangle
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layer friction. This indicates that Some form of advection is taking place.

The wind direction roportad by the meteo shows the same identical trend witn

time, giving supporting Evidence that some type of adveotion. or :rontal

passage, is taking place, and that the change in wind direction is a function

of time. rather than distance from the airport.

f) north and east wind components from the 576? (Fig. 25‘. A Martinair B

landed prior to the 38-10 at Tbout 07:26 GMT. i.e. on V abou: 6 minute;

earlier. From Lnis parsoecrive it is very interestin” to see what kind of

wind profile this aircraft expe:iancod. compared :o the DC-lt. The north~

south and east-west wind tcmponents are Shown in fi"1:o 23. -t is JOIChV to

not& that here no trend with time is observed in th' (T if; Ll‘; {w | (D m (1‘ ,I fl 0.

component, and that furtuarmore there is a normal boundary—Layer erroct
,.towards the end of tho data. Average easterly wind is dbout . m/s (iw ktsl.

r3} :3 [D H r, 3‘ Lu 5 mThe northvgoutn wind component also shows nr trend with time. 9

ground effect near tje end of the data stream. Average soother

about 13 mXS {26 kts}. and turbulence is evident in tho Time historv. When
1:comparing iiwure 25 with iigure the major dirference is the time variation

which characterizes the wind prof-ie oi the Do - :0.

g) vertical wind from the B76? {Fic, 26). Tao time history shows a reratively

uneventful profile, with the vertical wind ganerally around zero for the

maior part of the flight segment. However. there seems to be what amounts to

an updraft region in the early pa t of the approach. This could well be ther

building up of the downburst which the ‘L—LO flew through about 5 minutes

2.3.5 Turbulence profile

As was evident in the data provided so far. thzre is quite some tnrbulenco

present in tie wind. An impression of tie amount of ?LTDUlmflCB wrs

by smoothing the wind profiles and then taking the difforonco with

data. The remnant is defined as turbulence. it turned out that the

F.) F
J

{n D.)the various wind components showed more or less random Signr
+-periods 0; 105 and shorter. Therefore the wind profiles were smoothed using a

CONFIDENTIAL
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layer friction. This indicates; Ehst same farm of serves-tins is tslcisgr piece.
firs‘find directidn ragweed by ihe. tsetse ‘shsws the same identical trend with
tinsel giving supporEing evidence that same type of sdvectisn, er fgcntsl

passage. is taking place, and that "the she-figs. in wind dires-tiou is ‘a fanatics

pf time, rather than distance; from the :air‘pflft.

f) th and 1: int! cam agents item the»? EEG-7 L _' - ~7‘51; A Mnrtimir B767
landed prim: to the new at absut 07:26 cm, Le. duly about "6 minutes
earlier. From this perspective it- is» very interesting. to see what kind of 7

"Wind profile this aircraft ekperiéfla'ad, camared ts the. 1236-10. The north.

sauth and; east-west wind compqnents are shown in figure 25. It is worthy to

note that here no; trend with time is disserved in. the eastawest Wind
cc;swarms}:I:l and that furthermore there 1238518l boundszyfleyer effect;
Edwards the, aid of the datai Average easterly #ind is about 7 111/75 (14' his) .

The north-3.011%, Wind camponent also. saw: no trend»? With time, other than a;

ground effect treat the end of, Ethe data stream. Average seutherly winds are
about 13‘ m/s (26 kts) , and ambulance is evident in the time history. When
comparing figure 25: with figure 21 the mags}: difference is the time vvarriatign,
which characterizes the wind préfile sf the BRIO;

5) Vet: cs: > , 7 __ . The time histbzy {Shaw's a relatively
uneventful profile, with the vertical wind generaflix around zero for tbs
major part of the flight segment. HoweVer, there seems to be what amsu'nts ts.
an updraft regigm in the earl-y pert sf the. app-Essen This could well be she

"b‘hfldisg up of the; diowntzurst whisk. the. new "file’s. throsgh- ab‘rmfl‘; -5 misfit-es
lasar.

1.3.; Turbslence profile

As was 'evident in the 3331313- 9¥¢Vifi§§~ 5'02 fags. there" is twitte- 59313 sprhuienss
-'present. in the wind. An min-fessidn- inf the I-amou‘ilt {if mfbulanm 'w's‘s abte'i'ned

by smoqthing the windpxgfiiles $831.5 than painting- t‘hs flififeaqence with the raw

data. The rem: is defined as imbfilenhs. It: til-shed out that the Spectra, cf

the Iranians wind comments ahfiwed mass: as less :mfism signal-5 at average
’Pflifiiéds 6:5 His and shutter. 'Tfiéréffifit-e' the. wind gflffllas 16am! smsthedz 1131n :9.- "'

mmmm

Horlings
Text Box
The wind analysis presented above doesn't agree with DFDR data. Cannot be correct.

Horlings
Callout
DFDR vert. g proves light turbulence, i.a.w. ICAO definitions.
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P'"10~second moving averaging window. For 833' ding slot of 105 the rms (0}
’ed, The results are shown for tn total windspeed: wind direction11‘7c: m U; fa [U H (3 L ,4 in F“

GeneraLLy the average tutbulenca G is about m/s, which scales very wall
with the a“eragfi windspeed Uw of about 20 mfg. The ratio K=Ji is about 0.1,

- * J ‘ ‘ ‘ f . . W ‘ .'-_ _ -....' ‘. "' .'whlcn -5 a stancara vaLue £0: normaL Luiuulsnce genelaLLon 1n :lsght
simuLators for instance. :or than erstorm tuTbulence a V“lue of 0.2 is

a) mean windspeed and variation (Fig.

indicates the same reversal in trend 3: abou; 3::3}:dd GMT: where t«C

”3 TE? ’CSI; the turbulence 7:dsteed reaches a minimum of about

reachas a loeal maximum at EELS poiuL‘ and increases aards the and cf :ha
flight to a value of about 6 m/s (12 kts

b? turbulence ratio K fFig. 281‘ When calculating the ratic KuU/Vw using the
local windspees as function of heigh: for instance, then. because ofi the
decreasing windspeed and the increasing ZurbULCECE: the ratio K shows a

ft). Agsc towards the ground the ratio h increases
weak value of about 0.3. The line for K2{.; and 0,2 is aisc indicatsd in :ne

figure. It is evident from this figure that the Lurbuicnca level is heavy :0

C? mes: wifli direction and Variation (Fiy, 393. The mean winl direction shows

of :ourse the same treLd with Cime as noticed baffir=. A trend starts to occur

at about 07:31:00 GMT. and this trend remains fair;y constan:. The variation

nds 1 car.0 £11in wind directicn shows a bulge s: O«:31:¢O GMT. and also 40 sec

ncides with the airpLane the dC'nbursC. Towardsy.The first bulge co

however, the variation reduces [to

direction has become more or Less smooth,
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10~second moving averaging window. For" each sliding slot of 10s the runs (a)
was calculated. The results are shown for the total windspeed,. wind direction

and Vertical wind component.

Generally the average turbulence o is about 2 m/s, which scales Very well
with the average windspe'ed Vw of about 20 m/s. The ratio K—a/Vw is about 0.1,
which is 7a standard value for normal turbulence generation in flight

simulators for instance: For thunderstorm turbulence: a Value of 0.2 is
normally used.

a) Man windsgged m vg1%3,9‘ 1; (Egg, A271. The, smoothed total Windspeed
indicates the same reversal in trend at about 07:31:40 GMT. where the
windspeed reaches a minimum of about 14 111/51 (27 Rte) ;7 the turbulence 0

reaches a local maximum at this point, and increases towards the end of the
flight to a value of about 6 m/s (12 kts),

MW.When calculating the ratio K-o/Vw using the
local windspeed as function of height ior instance, then, because of the

decreasing windspeed and the increasing turbulence, the ratio K shows a
relatively large peak value of about 0.25 at an altitude of about 220 m (660
ft). Also towards the ground the ratio K increases quite strongly, reaching a

peak value of about 0.3, The line for 15-0.]. and 0.2 is also indicated in the

figure. It is evident from fliis figure that the turbulence level is heavy to
severe .

o) meg wind direction and variat- ion (Fig. 221. The mean wind direction shoWs
of course the same trend with time as noticed before, A trend starts to occur
at about 07:31:00 GMT, and this trend remains fairly constant. The variation

in wind direction shows a bulge at 07:31:310 GMT, and also 40 seconds later.
The first bulge coincides with the airplane exiting the downburst. Towards

the end, housever, the variation reduces (to about 1 degree ms) , meaning the
wind direction has become more or less smooth.

Horlings
Callout
Then why no heading change to continue the flight to the runway? 

Horlings
Squiggly

Horlings
Callout
Sure? Not pilot control inputs?

Horlings
Highlight

Horlings
Highlight
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2 3 ”indshear models identification

2.3.1 Available windsnear models

The windshear model identification process has been performed using program
1ONE, and has been app ied to the raw wind component profiles generated by

program OUTFLDW. A description of program GNI is given in Ref. 0. For each
application a number of windshear models can be included in the list of
pos ible models to De identifiodl

The most interesting one is the downburst or microburst model, This is based
on the ring vortex model as developed by the British Defetse Research Agencv
and defined by "chultz {Ref. 7*. Whether toe model is a dovnburst or
microburst model i a question of definition‘ The only diff?rence is the3
scale at which wind changes occur‘ The ring‘vortex downburst model is defined
by 5 arameters or model. i.e. the vortex stren t. F {mdfsl, the radius R (ml. . g . . .. ,x

rof the ring-vortex, the core diameter d km), the height of the core 3 _m1 and
the position coordinates x and y (m), The model parameters are stationary. It
may be possible to extend the model specification by incluring a Velocity
vector (2D) with which the model is moving, [.1 g D H E E R} T1 [13 IL 5 r1 ('2 r1 U) N

Normally) in conjunction with the downburst model(s), also a boundarv-layer
model can be employed. This model is specified by 5 parameters. viz, the
exponent n, the velocity (m/s) and direction of the wind at the top layer of
the boundary, the wind direction and speed {m/s) at the bottom layer~ as well
the boundary—lejer thiccness H (ml.

Additionally e low-level jet can be included in the general study on
’ v .windshear. but this 1&5 not appropriate here. An extra model n to bea

developed, however, and that was the time-varying wind. From the feet that
wind direction, as experienced by the aircraft, oranged with
rate that the reported meteowind direction at the airport changed. it was
deduced tha' the wind variation was primarily temporal {and not much
dependent on

added 8 more

position).

parameters.

Hence a time~varying model had to be employed. Tlis
vizt the time at which it starts plus the wind

CONFIDENTIAL
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L; amoeba.“ models identification

2,3,1 Available windshear models

The windshear model identification process has been performed using program a
GNI, and has been applied to the no wind component profiles generated by
program OUTFLOW. A description of program GNI is given in Ref. 6. For each

application a number of windshear models can; be included in the list of '-
possible models to be identified.

The most interesting one is the downburst or microbut‘s‘t model. This is based
on the ring-vortex model as developed by the British Defense Research Agency
and defined by Schultz (Ref. 7). Whether the model is a downburst or

microburst model ‘is a question of definition. The only difference is the
scale at which wind changes occur. The ring-vorteX downburst model is defined
by 6 parameters per model, i.e. the vortex strength 1" (ma/s) , the radius R (m)
of the ring-vortex, the core diameter d (m), the height: of the core 2 (m) and I

.___
._.

,.._
.,.,

....
._.

_..
..a

$
3
.

.

the position coordinates x and y (m). 'Ehe‘ model parameters are stationery. It 3:;

may be possible to extend the‘model specification by including a velocity I
vector (28) with which the model is movifig. adding 2 more parameters, viz. W:
and Vy. '

Homily, in conjunction with the. downhurst. modems) , also s botmdsry-lsyer
model can be employed. This model is specified by 6 parameters. viz. the
eatponent n, the velocity (m/s) and direction of the wind at the top layer of

the boundary, the wind direction and speed (m/s)‘ at the bottom layer, as well

the bomdary- layer thickness H (a) .

Additionally a lowhlevel jet can be included in: the general study on
windshear, but this was not appropriate here. An extra model had to be

developed. havever, and that was the time-varying wind. From the fact that

wind direction, as experienced by the eircrsfti changed with time at the same
rate- thet the reported meteowind' direction at the airport changed, it was

deduced that the wind variation was primarily temporal .(and not much

dependent on position). Hence a time-varying model had to be Employed.- This
added 3 more: parameters, #152. éthe "time. at Which it starts plus the wind

comnmm
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direction and speeo at that moment, the time at which it stops varying, and

n he wind direction and speed at that moment, and the utoer and lower heights
of V layer in which this change takes place.

frontal sheaf model. Withff.‘Another model available in the inventory is th
this modei wind variations in speed and di‘ecrion can be described over a

rt: (3 r".certain height interval. This model was also included in order to account
wind variations unaccounted for by the timt—varying model. The phenomenon

ct Faro may well lead to the requirement :hat tn: frontai~sncar
model may have to be extended :0 include slopinr fronts. whereby the windto

Variations do not only occur over 2 certain height interval, but also within

The windsheer model parameter identification process is nonlinear. lhe
process starts with an initial estimate of the tgpe. position and value of

rthe parameters of the windshear models. after which Lhe algori'nm will start(
to reduce the error between the model-generfted wind prof le and the one
me sored, ‘9 v- 5. L the windshcer-model parameters. Eecause of the nonlinear{is

nature 0: t‘a arocess‘ en initial estimste ”twice as far away

not automatical*y generate corrections that are

ead to”a 11 F‘ t 3 e :5 m :1 C}

's recuiredD. +4 rE
‘ J”? 0 f7 ('4 L7: 90 d C {1) H rA
‘

1‘.‘ '(J C r
r U) [o 3 C?» H. 5 (I: P“ U‘Q L3“ 1‘ P‘ :5 ("Y LT (U U H E ) (1 (D (A L? H

_) U‘} ,_4 l' ( I: "i e LL 0 C {‘V n . ‘D E H D n to CT IT 3‘ .1 ('1 (L r E .w {.4 @ LT m (‘1 r4
.

ton [—4
.

{’2 a; rf H. C 4

'1': "1 (‘~ I [P U“ .r l ‘. 1 C] 6 CL r? O f.“ FD

,ly‘ Inspection of the residuals between mooel-pr1cicted and measured
wind components is an important step for determining fine quality and, if
necessary, the requirement for an update of the model structure for a better

2. n visual look at these residuals may indicate the preStnce of ye:
another vortex or not, since in the ideal case. i.e. when the residuals are

. ' 1. ‘7remainder between model£sd and data, the trace with ime 3“ mid/the "noisy"

,4 O. F
. (‘1 {D rt (11 U} r}have a random appearance, Any significant lobe in a residual then it

nonvrandom signal still present, which can possibly be accounted for.
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direction and speed at that moment, the time at which it.stops varying, and

the wind direction and speed at that'moment, and the upper and lower heights
of the layer in whieh this change takes plate.

Another model available in the inventory is the frontal sheer model; With
this model wind variations in speed and direction can be.described over a

‘csxtein height interval. This model was-else included in order to account for
wind variations unaccounted for by the time-Varying model. The phenomenon
experienced at Faro may well lead to the requirement that the frontal-shear
model may have to be extended to include sloping fronts. whereby the wind
variations do not only occur over.a certain height interval, but also within
a certain distance horizontally.

fills; The identification process

'The windsheer model parameter identification process is nonlinear. The
process starts with an initial estimate of the type, position and value of

the parameters of the windshear models, after which the algorithm will start
to reduce the error between the model-generated wind profile and the one
measured, by varying the windshear—model parameters. Because of the nonlinear
nature of the estimation process, an initial estimate "twice" as far away
from the true solution, will not automatically generate correctious that are

also twice as large. They could even be totally different in sign and lead to

divergence of the error. Manuel inputs and insight in the process is required
to stabilize the process.

As it.tnrned out the windshear model identification process proved to be‘
quite a laborious task, where convergence of the solution had to be checked

carefully. Inspection of the residuals between model-predicted and measured

wind components is an important step for deternining the quality and,-if

necessary. the reqnirement for an update of the model structure for a better

fit. A visual look at these residuals may indicate the presence of yet
another Vortex or not, since in the ideal case, 1.3. when the residuals are
the ”noisy” remainder between.model(s) and data, the trace with time should

howe.a random appearance. Any significant lobe in.e residual then indicates a
non-random signal still present, which can fiessibly be aceounted for.

cosnnmm
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Aparc from that also the physical implementations of the soluLiou “ad to be

checked. Because of the nonlinear nature cf the identification process the

program may have converged to a local minimUm rather than a global micimum.

ano more than one solution is possrole.

The basic characteristic of the program is that

squares of the errors between the measure and modelvpredicced wind

components. Normally each wine component is weighed eouell; iL enis sum, but

differing weights can be applied :0 each specific wind component. For

example, if one has reasons LC believe that vertical wind component is

{re“? accurate, compared to the other components one may place a heavier

weighcing in Lhe error sum on the vertical wind component than on the other

ones. A good choice for these weighting factors is to take them inversely

proportlonal co the uncertainties with which the w‘nd components have keenL. c,

determined. if this intermacion is known.

RESULTSin
;

Le results provided are three-fold, viz. in terms oi :he windshear models

detected/identified and the associated wind profiles {section 3 7). the

.an: between the windsneer derived and actual minds, the windshear>_ FDn

turbulence (section $.2). and as an additiOI

1 be provided in section 3.3. Thee indiccs were

(1 (13 ,_, o s;

l e

lated by operating both on the raw wind profiles and on the windshear

I)model~gcncr€ted wind profi.ee. and are an indication of the everiCy of theU]

windshear experienced.

When applying the ONE-program. not all the parametere were left free to be

determined. In some cases doing so resulted in numerical C‘Eficulties

associated with convergence. here simply were too many parameters to
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Apart from that also the physical implementations of the solution had to be
checked. Because of the nonlinear nature of the identification process the
program may have coiwerged to a lace]. minimum ration: than a global William!!!r
and more. than one solution is possible.

The basic characteristic of" the program is that it minimizes the sum of

squares of the errors between the measured and Medial-predicted wind

components. Normally each wind component is weighed equally in this sun. but

differing weights can be applied to each specific wind component. For

example, if one has reasons to believe that the vertical wind component is

very accurate, compared to the other componentsi one may place a heavier

weighting in the error sun on the vertical wind component than on the other
ones. A good choice for these weighting factors is to take them inversely
proportional to the uncertainties with which the wind components heVe been
determined, if this information is ham.

1 RESULTS

Ihe results provided are three-fold, viz." in terms of the windshear models
detected/identified and the associated w-ind profiles (section 31.1'). the
remnant between the windshear-derived and actual winds. i.e. the windsheer
turbulence (section 3.2), and as an additional result the calculated

windsheer hazard indices will be provided in section 3.3. These indices were
calculated by operating both on the raw wind profiles and on the windeheer
model-generated wind profiles, and are an indication of the severity of the
windshear experienced;

{3.2513 Windshear

3.11.]. General

When applying the (Em-program, not all the parameters ware left free to be
determined. In some cases doing so resulted in numerical difficulties

associated with convergence. There simply were (too: many paramotere to"

7::
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mestimate from the data. There are some parameters were keg: fixed at some
(estimated) vsiue, that had been determined by some other mamas.

1 1The type of windshear model and the number intruded in tns idsntificat.on«.4
.

process were the downburst (3}, the time-varying shes: modal {1) and the
".1frontal-shear model (1}. for a total of 32 parameters. sieves were kept

fixed. leaving 21 to be determined by the :rogram. In the solution presented

Pat sqnsl weighting factor was employed to all w'nd components.

Tho GNI—program also yields Cue covarianss matrix. which orovides informatics
on the error variance of ass“ free parameter. and t corrslmtion matrix.
which indicates the correlation betwsen all free parameters involved. The
correlations can so used. if necessary. to determine interue>nndenco of
parameters, and can provide further insight as to why certain gafamBC“L
vary, when rthsrs are varied. In the data given below it has seen indies
whenever a paramstsr has been kept fixed.

For the solution oresentsd the overall TDSidJai varianos, or model mismatch.
was u.O :‘fsd, i.&. the overall rms is ?,U mfs. This “windshra: model

turbulence" rms is again about 3.1 times the sv.rsge windspaed o: 20 mfs (£0
and provides an indication that a lower vs

fitl cannot var? likely be aChiEVEd'

dentitied windshear models and discussion

iftsr several Crisis three witdshear modsis were used in the identificatiou

process. and proved to give a stable soluti n. These are a Lime-varying
windshear model. three downbursts/microbuIFCS, and a frontal‘shear model

The “ositicnai coordinates are given in the same grigltdandedl Cartesian axis
_ origin Lo: ted on the runway

threshoid, and with the K-C’OKdLUaCE in :no true north dir=ction. the y-

coordinate in the true east direction. and the z-coordinate downwards (i.e.
aliitude h=-2'

a} :ime—varvin? windshear. Concerning the oversl Kim? variation of the wind.1

the time-varying model identified contained the followin» parameters:

-32-
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estimate from the data. Therefore some parameters-were kept.£ixed at Some
(estimated) value, that had been detérmined by.snme other memos.
The type of windsheer model and the number inelueed in the-identification
process were the downburst (3), the tine-varying shear model (1) and the

frontalushear model (1). for a total of 32 parameters. Eleven were kept

fixed, leaving 21 to be fietEImined-by the program. In the solution presented
an equal weighting factor was employed to all wind components.

The Gfll‘program also yields the covariance matrix, which provides iniermetion
on the error variance of each free parameter, and the correlation matrix,

which indicates the correlation between all free parameters involved, The

correlations can be used, if necessary, to determine interdependence of

parameters. and can provide fiurther insight as so why certain parameters
vary, when others are varied. In the.data given below it has been indicated

whenever a parameter has been kept fixed.

For the solutiOn presented the overall residual variance, or model mismatch,
was 4.0 nfi/sz, i.e. the overall rms is 2;D m/s. This "windshear model
turbulence" rms is again about 0.1 times the average windspeed of 20 m/s (40

kts), and provides an indieation.that a lower value than this (i.e. a‘berrer
fit) cannot very likely be achieved;

3‘1‘2 Identified windsheaz models and discussion

Afiter several trials three windShear-models were used in the identification
process, and proved to give a stable Solution. These are a time-varying
windshear model, three downbursts/microbursts, and a frontal-shear model.

The positional coordinates are given in the same (righthanded) Cartesian aria

syStém as described in section 2.2.1, with the origin located on the runway
threshold, and with the x-eoordinate in the true north direction, the y-

coordinate in the true east direction1 and the zecoordinate downwards (i.e.
altitude h--z).

a) sing;ggrging;gig§§hgaz. Concerning the overall time variation of the wind.

the~tine~varying model identifiad=eoneained fihe fiollowing parameters:
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— wind direction at initial :ime a: fihe lower level of

(fixed) and 208 degrees at Iinal time;

- wind direction at initial time at the upper lvvei of 170 deireas

— velocity at initial time is El mys a: the lower level. and 0 m/s

fiflxedj at the ugper level.

The major driving factor in this model idsntification was the time—varying

wind direction obsarved earlier in the Mite? wind records‘ union started

changing At about 0?:3LLED GET.

U Q g 5 {I H (n E
f '
l

13'" {U r
h rH .1 (I! F? {.3 C; :f I- L '4» {I (t }‘ LL m :3 H yd
. H1 H
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.

in £1. a) r—t- H ‘1 ’1 C" 4 u n L! (T 0* O Ill ,4 Q a H {3 UN U1 0 H

of parameters:

- core diameter d = :0» m ifixed}:

— radius R = RSQE

- vortex strength f : lZDOS m“/s:

— position x — 2801 m;

-

position y z —6069 m;

n‘ of vortex z =-381 m.- Elsi r.a

ownburs: is show? 9.3 times phat at ther-h n D“ G; «1 o f“: rt (9 . o l,
J

r“ ‘T P mThe stren‘2n 05 d

one 'hich is known as the Fort WorthL Jallas crash 1, ----- 4U.

some relevant sev rity of this s;stem. The major driving ffctor in the

identification of this model was the vertical wind component. especially the

(‘1initial peak at 37:312u0 GMT observed earlier. The horizoncsl wind components

did not contribute much because the aircra t flew first over, and Ch-n

underneath Che core, so that the horizontal outflow from the model near the

0. r4»ground, which is sensitive :0 Che strength of the vorte*, a

horizontal wind variations experienced a: this sltitudv by Lhe aircraft.

c) microburst no. 1‘ The second ring-vortex system is more of a microbursc in

terms of size and/or strength. with the following parameters:

-

core diameter d I 113 m;

-

radius R m 194“ m:
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- wind direction at, initial time at the lower level of 150 degrees
(fixed) and 208 degrees "at finel time;

-. wind direction at initial time 'at the trope? level oif 170 degrees
(fixed);

- layer thickness of 333 m; ‘
‘- lower height where layer starts is O at (fixed) ,
a- velocity at initial time is 21 m/s at the lower level. and 0 m/s

(fixed) at the upper level.

The major driving factor in this model identification was the time—varying
wind direction observed earlier in the mate‘o wind records, which started
changing at about 07:31:30 GMT.

1:) mThe first domburst' identified is defined by the»; follouring set
of parameters: A
- core diameter d a. 700. 1:: (fixed);
- radius R - 2646 m;

- vortex strength I‘ w 120(18 mz/s;
- position x - 2801 m;
- position y - -6069 m;

- height of vortex z --3‘31 m".
The strength of the vortex of this "downburst is about 0.3 times that of the
one which is known as the Fort Worth. Dallas crash ‘(T-40,000 Ina/s) , indicating,

some relevant severity of this system. The major driving factor in the
identification of this model was the vertical wind component, especially the
initial peak at 07:31:40 GMT observed earlier. The horizc'mtal wind components
did not contribute much because the aircraft flew first over. and then
underneath the core, so that the horizontal outflow from the model near the
gromd. which is sensitive to the strength of the vortex. did not affect the
horizontal wind variations experienced at this altitude by the aircraft.

c)WThe second ring-vortex system is more of a microburst in
terms of size and/or strength, with the following parameters:
-' core diameter d - 113 m; ‘

- radius R - 1911-8 :11;

- vortex strength 1" w 17-76 rig/s:

-. position x ,- -'9:2'l 111;.

come-mm
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about 0.15 r15? of the downburst! and ean be

The major drivifig factor in its identification is the
heedwind change that takes plaCe= a: about 37:32:20 GMT. The peak in the
heedwind Is the result of e combination 0: Liis micreburst with the one

i}
. 1describe« {ext.

2. The third ring‘vortex is e159 3 mierobursc. with

- care diameter a 1 1D m {fixcdi;

radius R w ugh m:

, Vortex strength F x isé; mflfs;

This ring—vortex f3 about as eong as the efher one, :0 wnicfi it is verv
Close. :1 could be established that Lhe major driving {eccar in this
identification is not so much the verticai w€ud, which is :eia:ivelv small in

AJalue, but is the headwind change : at
x reA«._a , mabout U: )2.»0 GHL.

ntai shear. Feurthly a frontai shear model was identified, with the
foliowing parameters estimated or fixed:
- layer thickness of 600 m (fixfl
~ wind direcLian a: lower Level

upper level = a7 mfs;

fit of Lower lev_l at O m

:ime-varying mode?)(DSome 3f :he fixed values of t.ie medal [as well as of th

were estimeLed from the meteo data on winds eed and direction, The drivinP
denziiication was the initiai windspeed trend and windhg) a rt (3 "t J rt H ‘ H .

,—.I:

f) hen 9 before 07:31:50 GMT. a: which point there is a reversal inL,

1’7 "‘,ren
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- position 3 v— -2949 In;

- height of vortex 2 --18.1 m.
The strength of this vortex is-about'o.15 that‘of the downburst. and ean be
classified as small. The major driving factor in its identification is the

headwind change that takes place. at about 07:32:28 GMT- The peak in the
headwind is the result of a combination of this micr‘obur‘st with the one
described next .

d) gicrob‘yxgg no, g . The third. ring-vortex system is. also a microburet,_with
the iollowing parameters:
- core diameter d - 10 13 (fixed);

- radius R - 494 31;

~ vortex strength I‘ - 1332 tog/s;
- position x ‘-‘ ~162 m;
- position y - -530 m;

- height of vortex z -—120 m.
This ring-vortex is about as strong as the other one. to which it is WW
close. It could be established that the major driw’ring factor in this
identification is not so much the vertical wind, which is relatively small in
value, but: is the headwind change that occurred shortly before the runway, (at
about 07:32:40 GMT.

a) frontal shear. Fourthly a frontal shear model was identified, with the

following parameters estimated or fixed:
- layer thickness of 600' :11 (fixed);
- wind direction at lower level XI. = 178 degrees (tinted);
— Trim! direction at upper level x“ -178 degrees;

- melocity at lower level - 0. m/s' (fixed);

— velocity at upper level - 27 m/s;

- lower height of lower level at 0 :1: (fixed).

Some of the fixed values of this model (as well as of the time-varying'modcl)

were estimated from the meter: data on windapeed and direction. The driving
factor in this identification was the initial windspeed trend and wind
direction change before 07:31:40 GMT. at. which point theta is a reversal in

windspeed trend.

CONFERENTIAL
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A) .us.l.3 Situational sketch

For a situational sketch of :he location of the various windshears. a bird's

eye View is presented in figure 30 and a side View in figu:;

difference in size between the three dowtbursts (or one downburst 1nd two

microbursts} becomes apparent. The aircraft passes over and underneath the

, 381 m. at an altitudefirst vortex {a downburst), which lies at a height o

of 473 m and 22; m respe: ively.

The second vortex. i e. the ring-vortex of the

,he: rixxg-

I and hence passes about 26 m

overhead the Vortex core; it the second intersection between the flight pzth

and this ring—vortex the aircraft is at an altitude of 1J5

about F6 m underneath tue arr: of the vortex.

The third vortex lies a: an altitude of l m. The iirst interSCLtiOn point

between the flight path and :16 third ting-vortex is at at altitude of about

71 m. and the second one is at 38 m. hence the eirurrft passes underneath

this vortex. This is also shown in figure bl.

s.l.a Matched wind profiles

The wind components generated by the windshear mode 5 combined are given in

figures 32‘3Q for the thtet wind components. The mind compotehts apply to the

flight path as flown by the aircraft. The measured wind components are also

included in these figures. A discussion follows.

a) east’west Vind component (Fig. 32E. The windshear-model derived east—west

wind component follows the measured wind profile quite well. The effiect of

the first vortex system, a dowhburst‘ is noticeable in the start of the time

u if! -orv, where the windspeed increases from about zero to 2 m/ . This is

generated by the aircraft passing just over the vortex core. Furthermove it

curves the time history somewhat, and causes a "bulge” at about O7:31:&0 GMT.

no effect of the second and third Vortex svstem combined (i.e. the first andP-]
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LL; Situatwnal sketch

For ‘a situational sketch of the location of the variéus winoshesjrs. a bird's

eye View is presented in figure 30 and a. side View in f‘iglme 31. The
difference in size between the three downbursts' (or one doimburst and two
microbursts) becomes apparent. The aircraft passes over and underneath the
first vortex (a dowuburst}, which lies at a height of 381 m. at an altitude
of 473 m and 221 m respectively.

The second vortex, i.e. the ring-vortex of the first microburst, lies at a

height of 181 m. At the first intersection of the flight path with the ring-
vortex the aircraft is at an altitude of 208 m, and hence passes about 26 m

overhead the vortex core; at the second intersection between the flight path
and this ring-vortex the air-craft is at an altitude of 195 to, Le. it passes

about 76 m underneath the core of the Vortex.

The third vortex lies a: an altitude of 120 m. The'fiirst intersection point

between the flight path and the third ring-Vortex is at an altitude of about
71 m, and the second one is at 3'8 tn1 hence the aircraft passes underneath

this vortex. This is also shown in figure 31.

LL}: Hatched wind profiles

The wind components generated by the windsheer models combined are given in
figures 32-34 for the three wind components. The wind components apply to the
flight path as flown by the aircraft. The measured wind continents are also
included in these figures. A discussion follows.

-. The windsheer-model derived east-west
wind component follows the measured wind profile quite we‘ll. The effect of
the first vortex system. a comment, is noticeable in the start of the time-
history, where the windsp'ecd increases from about zero to 2 m/s. This is
generated 11:; the aircraft passing just over the vortex core. Furthermore it

curves the time history somewhat. and causes a. "bulge" at about 07:31:40 GMT.
The effect of the second. and third vortex system Combined (Le. the first end
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rurst, albeit a much smalleiThe effect of the third vortsx system, a mitt:

one in vortex stron th than the first microburst, o1: cleariy be seen in the
east wind [i_e. hsa wind) Chang £3

o?:32:¢0 GMT. liere first a small drop in ass: wind to “£45 mfis (—5 kts;,

about 5 seconds. Since the ass: wind is slmos: identical :0

oi the oxientation of the runway‘ the effect vi this small

seaonds‘ i.e. a:7“ (D D) ()1 15‘. ,4
_

:3 {RA 1 (T (3 r
T r ,— H £3. F) D" in 1} (rs

: fT‘, () ‘ :
1 id Ci {3 fl ,— Cr; 2? FT U ’3 x CO

value of about 2.2 kts/s. In the final j—iD seconds 0? the data the headwiho
increases again to about -, m/s. i,e. ; -" HES tailwind.

h—South Wifid consonant (Fig. 33V. This com Ghent ShOWS the change inP
slope at about Uf:3l:lO GMT. The eitsot of tho First downbursi is to cause

’l.~ ~ a 1 r‘tue time history to become constant, from VFIJLIDL GMT to 07:31:40 GMT. The
its: Linear segment is from the frontal-shear model. The second par: .f the

0 NS the downward “hulge”i which is 3 Combination of the time-o

varying shear and the downburst outfilcw. The eifsct of tho microhutsts Show
peak and irregularity a: about 07:32:30 GMT, The final value

LR r? u:a: the and of Lhe time history is about -16 mys {‘1 which is a very
strong mean crosswinu.

t vertical wind component (Fig. 343. Th= effect of the three vortices can ha
Clearly discerned. The first Una, the douoburst, shows the pronounced
downward/upward peak: of a sins of about :3 m/s (i 590 Etfmih3_ The second
and third vortices combined cause an upward pa
v:1ue of about l~2 m/s, Note that the vertical

*1valus when on the ground. This is the thfio etical boundary condition, that
they“ can be no vertical Wind componeLt when a: ground level.
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second microhurst), is to cease a pEER in thfl gene-wind Oi Ebcfit -7.5 mfg

(-15 kts) at about 07:32:20 GET.

The effect of the third vortex eye-tam, a- microhorst, albeit a much smaller

one in vortex Strength than the first microhurat. can clearly be_eeen in the
east wind (1.9. heaéwind) change that takes place from about 07:32:30 GM! to
0?:32:40 GMT. There first a smell drop in east wind. to -2.5 «1/3 (-5 lets),
followed by an increase to about —12 23/5 (-23 kts) occurs, with a drop back
to about —9 m/s (:17 kts), for a total wind change of about 23-5-18 kts in

about 8 seconds. Since the east wind is almost identical to headwind because
of the orientation 05 the runway, the effect of this small microburst is a

headwind-to-tailwind change of about 18 kts per 8 seconds, i.e. a "sheer"
value of about 2.2 lots/s. In the fine]. 5-10 seconds of the data the headw'ind
increases again to about -9 m/s, 1.e. Va 17 late tailwind.

b) .119Ith-gongh 323:1 oompggeg‘t {£n 3;» '1. This component shows the change in
slope at about 07:31:10 GMT. The effect of the first downburst is to cause
the time history to become constant, from 02:31:00 GMT to 07:31:40 GMT. The
first linear segment is from the frontebehear model. The second part of the
time history shows the downward "bulge". which is a combination of the time-
verying shear and the downburst outflow. The effect of the microbursts show

up in the small peak and irregularity at about: 97:32:30 GMT. The final value
at the end of the time history is about ~18 51/5 (-35 kts), which is a very,

strong mean crosswin‘d .

o)W.The effiect of the three vortices can be
clearly discerned. The first one, the downhursst. shows the pronounced
downward/upward peak, of a size of about 1:3 m/‘s (it 590 ft/min). The second
and third vortices‘ combined cause an opward peak in the vertical wind, to e
value of about 1-2. m/s. Note that the vertioel’wind always will reach ~a zero

value when on the granted. This is the theoretical boundary condition, that:

there can be no vertical wmd. component when at ground level.
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3.2 Windshear‘model turbulence

3.2.1 General

The difference between the windshear model-generated W'fld profile and the

measured wind profile, i.e. the remnant or residual. is de? ned as the

”windshear—model turbulence" V, In fact also here there are three components.

V12, Vx~ UK and oz, The GNI-prcgram operates such that by definition the sum

of :hese winds‘ear~modei turbulence components is zero. An auto»correla:irn

cueck on this remnant also indicated that the autocorrelatinn function was

that the ginashesrimodelQ In (n m 5‘ H H DJ in ,__
. M {EV *‘1 D r-n 0 r1 Lu is ,__4 k. ccmponea. meanin UQ

turbulence data sequence is a white noise sequence, (‘3

random sequence.

The ”windshear—model turbulence" v as defiLed here differs formally from the

turbulence determined earlier in section ;.¢.5. There the turbulence was

defined as the difference between the measur"d and the l0 9 mean {smootheci

wind component. TEe windshear~m0del turbulence displayed in

the difference between the measured and the windshear modelApredicLed wind

component, where now the windshear model *rediction aeLs as a sort of filcer.

Hopefully both definitions will

these windshesr models available will allow one to stud? the :rmciure of the

windshearwmodel turbulence.
0 wThe overall rms of u is 2.0 m/s. whicn is U.l times the avers e windspeed

about 20 m/s. For ['11 .g. in f ignt simulaeors.

:3 a D) nnormally a Sta rule is used. Which relates turbulence intensity 3 to
mean windspeed. of the following form

LA “standard" value for Ku.tw is 0.1. but in Chunderstorm situations some_1mes

a value of 0.2 is used. Furthermore the turbulence is modeled as a coloured

noise process. 1.8. a low—pass filter acts on the random zero—mean white
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1.2 Windshear-medel turbulence

3.2. _1_? cater-31

The difference between the windshear medal—géhereted wind profile and the,
measured wind profile, 1.6:. the remnant; or residual, is defined as the
”Windsheet-model turbulence": v. In fact- -'a-lsa here. there are three Componefits’,
viz. v,“ v, and 12,. The Gfli-prqem aperates st that by definition the sum
of these windshear-model tum-fiancee .cdmpbnents is zero. Ah auto-eerrelatien
check on this remnant also .iziciiQEted that. the sauta'ce‘rreiation function was
essentially zero for all 3‘ .compefie‘nt-s. meaning that the Windsheer-madel
ambulance data sequenee is a. white 1191?? sequence, line. an mnnel'ated
random sequence.

The "Windsheer—modal turbulence“ v as earned. here. differs formally firm the,
zturbulence detemimd earlier in see/tier: 2.2.5. There the turbulence was
defined as. the difference batwseen the measured and the 1.0 a mean (smoothed)?

wind component. The windsheer-medel turbulence displayed. in this section is:
the difference between the measured and. the windshear model-predicted Wind
component, where new the windshear model prediction acts (as a. sort; ef filter.

.Hopefully bath definitions will yield the same result, in which case having
these windShear models availéhlewxill all“! one to study the structure 9f the
iwincls‘heer-mod‘e]. ambulance .

The overall ms of TV is, 2.0 fife, whieh 11:5 {1.1 times the average Winfieyeeé sf
about 20‘ 11173. For generecion 0f“ turbulence. .e.g, in flight simulators,
shoal-anally a standard rule is». uSeéi. which felates tufhuletiee intensity 6' tr:

mean fieéspeee. at: the fiellfiméagr Iii-um

(14)

A ""Siiiandaitd" Val-11.6 for Kan-m is 0.1, but in thttnderstém hmtibns‘ fidmeétimé-B

a van-1m GE 0.2 is: used Furthoa-‘a flea turbulence is medal-ed as a eaimefl.
noise grantees, 1: e.‘ a 1m:p.aes film: acts -'en- the: ranélox'n earn—mean White}
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noisa sequence wit“ intensity U with a cut off frequency, related to scale
length‘ dependent on altitude above the trauma. The lower the altituue. the

11nd of moceking detcil will not“whitar” thn turbulence signal

1‘.he attampted on this data. bee lie that would be beynnd inc scopa of this
work. but i‘ will be an area of further resetrch to be addressed én thei

WINDSTREAM-projcc: in the near future.

The windshear-model turbulence was computed as function oi time. which can be
as function of aitnet distance Ve,g, distance from the runwayd

threshold) or aLtitvde. For ccnven‘ence, and since turbulence is quite often

scaLed versus heigltr the windsheat-model tutculence in :hi: ccse wi;l we

The windsheat-mode: turbulence Ems ccmccnents CRY
nals u u and u,. takin: Chi lO~seconé running mo;

turbulence siwnal v _ was derived 'iffcrence between the measured3.: x,y

and windshear model—generated horizcnttl wind vector campanent, i.e_

F 1 P.
.

{J
r

;.;.; fiean wind and windsheat-modeL turbulcnca pro:
:D} (1‘) ? {1 HA r
4

In L’)y.“in this StiGn dm Stussicn is giv=n about the

H ’3‘ (D U H O 91
'; 9‘. ,‘4 (B O H) a: H' [J a U) :T‘ (D {U :1 . O D. (D >—-
‘

r? C F“. U' c f‘ ,3 H O H L! f. (D {J U}

leightgprofile (Fit, 357. In this ligure thy mean horizontal

the measured

tnerc seems “o be more turbulence. i‘e. lyraer dfiViationnF about the mean

horjzcntal wind profiAC at this point, and £150 near the ground: wh<re some
Zarge variationg can be observed,

b) windshear-model turbulence vs heign: (Fiat 36\. Besides the mean

horizontal wind profile, generated by GNI, also the windshear-modal
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noise sequence with intensity 0 with a cut-off frequency. related to scale
length, dependent an altitude above the ground. The lower the altitude, the

"Whiter“ the turbulence signal becomes. This kind of modeling detail will not
be attempted on this data, because that would be beyond the scope of this
work, but it will be an area of further research to be addressed in the

HINDSTREAM—project in the near future.

'The windshear-model turbulence was cenputed as function‘of time, which can be

replotted as functiOn of either distance (e.g. distance from the runway.

threshold) or altitude. For convenience, and since turbulence is quite often

scaled Versus height, the uindshear-mndel turbulence in this case will be
plotted against height.

The windshear-model turbulence rms components agJ,and a; were calculated by
squaring the signals Va, and ug, taking the lO-second running moving average,

and taking the square root of this signal again. The windshear-model
turbulence signal uh, was derived from the difference between the measured
and windshear model-generated horizontel wind Vector camponent, i.em

v,” = v,-v,~_ (15)

W Kean wind and windshesr-mcdel rtnrb'uLenca profile

In this section a discussion is given about the mean wind profile, as well as

the profile of windshear-model turbulence intensity versus height,

a) e wind v ht frog e ' '" Sir, In this figure the mean horizontal
and vertical wind profile is given versus height1 together with the measured
wind components. It shows a constant minimum in windspeed at about 250 m

altitude, which coincides with the change in vertical wind component. Also

there seems to be more turbulence, ides larger deviations, about the mean

horizontal wind profile at this point, and also near the ground, where some
large variations can be observed.

:, Besides the mean?b.) '. “inh-r- units, 5.45: i. at: r v H '-_ a’ _ t '1 ‘6.

horizontal wind proiilfis Esmersted by 6&3, also the‘wlndshear-nefiel

GofififlfifiTlaL



CONFIDEYTIAL

9R2
)

80 TU.) C)/‘ CR 9

\P‘“turbulence intens ties a and 07 are filo:ted 'gaicst height in figure 36.

shOWS that the ver i(? (‘J m H E rm :1 LL (n '3‘ m p: r1 I :3 O Q— o ,4 Li ,4 R to H {L-nce rms 03 remains fairly

constant throughout the altitude ranger apart from a "bulge' a? about EEU m

itude_ Also the horizontal windshear~model turbulence n snows a bulge at1'?

1
l.D)

h.n m m a El m altizudo‘ and also nes another peak near the ground.

c) ratio between windshear—model turbulence and windsoeed (Fiat 37}.

m H r' L: H U‘ L: H m '1 n Uinteresting outcome is to plot the ratio U between windshear-mod

Ems g and windspeed Uw. This is done in {igure 37 for tie horizontal and

”standard" valu's of h20.i (normal turbulence> and KzU‘? athunderstolm

turbulence} are also drawn in this figure.

' noted decrease in windspeed vw at about 230 1,

together with an increase in turbulence inteurity o. the ratio U/Yw becomes

even more pronounced. For the norizontal windshear—model turbulence a

ratio Km? exceeds 0.2 at tiis height. §ud close to tne

a value of 0.3. The vertical windshwcr-model turbulence ratio Kzeosw shows

more or less the same trend‘ but peaks at no more than about a value of 0.1.

Lt appears therefore that there are more variations in the horizontal wind

component than in the vertical wind component‘ Because at the ratio between

turbulence intensity and wincspeed occasionally far exceeding the value oi

0,2‘ one could classify the windshear model turbulence experienced during

this landing approach as heavy or severc‘

t"3.3 Windshear sever t v;
.2

-.3.1 General

“'7Classi wing windshear, or windshear—txroulence for that matter, inio

categories of light, moderate= heavy‘ etc. is “er: difricult, also because of

subjective criteria that affect the evaluation. a qui e common winosnear

hazard criterion, used almost exclusively in the USA is the so called F-

factor. This factor is n thing else out a measu in thrust,1 (D 0 H1 (‘1’ :71 U) ’3 L3 L1) 1'! m {:7

(AT)-to-weight (W) ratio an aircraft needs to compensate for airspeed loss or

gain due to windshear. When this value exceeds a certain ievel the extra
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turbulence intensities an, and a, are plotted against height? in figure: 36. It
shows that the vertleal windshear-moeel turbulence ms cit-remains fairly
constant throughout the altitude range, apart from a “bulge" at about 250 m»
altitude. Also the horizontal windsheer—model turbulence a,” Shows» a bulge at

the.same altitude, and also has another peak near the ground.

c) a.‘ e w‘dshear-olturb e d eed Fr V.An

interesting outcome is to plot the ratio K between windshear-model turbulence

runs a and windspeed W. This is done in figure 37 for the horizontal and

vertical windshear-model turbulence intensities a," and a, respectively. Two
"standard“ values of KsOJ. (normal turbulence) and K-O.2 (thunderstorm
turbulence) are also drawn in this figure.

Because of the previously noted decrease in windspeed' Vw at about 250 m.
together with an increase in turbulence intensity 0, 'the ratio a/Vw becomes

even more pronounced. For the horizantal windshear-model turbulence an, the-
ratio K3,: exceeds 0.2 at this height, and close to the ground it even reaches
e value of 0.3. The vertical windshear-model turbulence ratio Kfaz/VW shows
more or less the same trend, but peaks at no more than about a value of 0.1.
It appears therefore that there are more variations in the horizontal wind
component than in the vertical wlnd component. Because of the ratio between

turbulence intensity and windspeed occasionally far. exceeding the value of
0.2, one could classify the windshear-nodel turbulence experienced during
this landing approach as heavy or severe.

m Windsheer severity

1.1,; General

Glassifying windshear, or zwindshearihturbulemefor» that matter, into
categories of light, moderate, heavy, etc. is” Very difficult, also because of
subjective criteria that affect the evaluation. A quite common windshear“

hazard criterion, used almoSt exclusively in the USE;-i is the eo-ce'lled F-

factor. This factor is nothing else but a measure of. tile change in thrust

(AT)-to-weight (1'?) ratio an aircraft needs to compensate for airspeed loss or
gain due to windshesr. When this value exceeds a certain level the extra
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: rust—to-weight ratio AT/W is beyond the performance
hence there is insufficient extra thrust avai;

Loss or gain, and the airspeed of the aircraft

(‘J fl 5 FT 3 gengine th ust teaponse lags. ct
time. :le aircraft may lose or qain a critical amo‘in l

chmical Standard Order TSO-CllT (Ref. 8‘ fl

kts airsyecd loss or gain. This document has

id order LO provide a specification ‘ccument for manufacturors which build
anaboard windshear alert systems of the reactive Lypo. A plication of this
tvpe of windsheat hazard, however. is hacpered h? tho problem o Lurbu
entering in the equation. Severa; filtering constants heve therafore been

I
4 p. B p..
.

g
1 m C} H (D L). R} r11 5 [L D [‘1 m

”D {J n r“- [L H
‘? I

h 0 fl \
T

,J" (I? U7 ; C “’- {‘3 {[1 4. >1
) 7.! W (T H' 3 m

intervals these limits still need further defiLition. in order to solva the

C 1"] m FT 0 S o m D E M m E B m m 5‘ m H {T m a u P 0 (T r H D T J o ’0

One of the practical drawbac&s cf filtering is the time oelay asgociat>d with

hv a certain amount.it. This means that a critical warning will go dflljyra
.ich will not benefit the aircrew.

is:

w '0 H O m y; P?) O E u E P. m ?h 0 ( CL

where WK is the local headwind component. and W: the vertical wind component.
n uHA decrease in headwind. i.e. dwx at is ative, also has a ncgativeK

LOSS in pertormance {F<O), 0; abou;H fl H H" H J H {D F? p H O ,4
4

7.4 m mw

meaning that CHE residual

L:Ccleration—deceleration availab e is about 0,1g. 1 r. ”15% LO.1. For most

S‘ELQ Nindshear hazard at Fa H 3 m H w 13 o H n

The windshear hazatd Experienced at Faro airport. in terms of ;he F-factor.
is de,icted in flTUTES pu—él. I: should be reminded that dwvfdt in theP , M
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thrust-to-weight ratio ATIW is beyond the performance limit of the aircraft,

hence there is insufficient extra-thrust availeble to compensate for airSpeed
loss or gain, and the airspeed of the aircraft 'will change (disregarding
engine thrust response legs. etc.)- E‘hen this situation lasts for too long a
time, the aircraft may lose or gain a.criticel amount of airspeed. In
Technical Standard Drder ”ISO-0117 (Ref. 8) this critical value is set atiO

kts airspeed loss ‘or- gain. ibis doeument has recently been drafted by the FAA

in order to provide a specification document for manufacturers which build

on-board windshear alert systems of the reeotive type. Application of this

type of windshear hazard, however. is hampered by the problem of turbulence
entering in the equation. Several filtering constants have therefore been

provided for, where filtering consists of time-averaging the F-fact‘o‘r signal»
over a certain time interval. Depending on the lengths of these time 7
intervals hazard limits are defined. Especially for the shorter filter time
intervals these limits still need further definition, in order to solve the‘

question of nuisance alerts due to turbulence.

fine of the practical draflbaeks of filtering is the time delay associated with
it. This means that a critical warning will be delayed by a certain amount,

whieh will not benefit the aircrew.

.A typical formula for determining the F-faotor is:

F .. fig”; 4. 77;; (16)

where W; is the local heedwind component, and W; the vertical wind component.

A decrease in headwind, 1.e. awn/at is negative, also has a negative
interpretation, i.e. a loss in performance (F<0). A CritiCal level of about

$0.1 is normally used, meaning that the residual extra margin for
aoceleretlen-deceleration available is about 0.13, i.e. AI/W =D.1a Fbt most

transport aircraft this is the case.

3.3.2 Windshear hazard at Faro airport

The.w1ndshear hazard experienced at Fero:airport. in terms of the F-factor,
is depicted in figures 3896;. It shou1d_be reminded that dfigfdt in the
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equation for F (Eq. (lfl)) is the total darivative. computed from the partial

1'me derivative a/at and pitch and yaw races q an? r as follows:

FT +
.1: 17‘. l *1 1: P- ‘1 r-u .,r. 1”?- : «-- Hr]ad" _.._ CH)“: v

Both the pitch rate and the yaw rate were

the critical Value of :0.l is exceeded, notably near the and of the
,ch. 3 negative peak is followed by a ”positive” peak, Tne limits of

=re limits where an airborne system mav have given a warnir" pending

"raw" along-track wind component (Fig. 22) i: is clear tha: the major
1-.contribution to : Comes from the headwind. and not from the vertical wind

Compcncnt.

For practical purposes (i.s. to avoid nuisance alerts}

warning systems employ two mechanism. One is th de—mctivation of :JE alarm(D

funccion when the aircraft is below a certain radio height. In operational

systems the alert function is inhibited, i.s. all values of the raw F-factor

are invalidated. for (radio—laltitudes below 20 m. This inLibition has also

been adopted in the data given here.

Hhe second mechanism is filtering. 0: averaging.

reduce psaks in tna signal. and hence to all

1The question 5:11 to be anSWEred is what type of
1 4““filter time constants can be tascn, and TSO-cll7

H elationship between the value of the filter time interval : c

For the purpose of demonstrating the effect of filtering. :hrec filter time

ntervals, of C.=3. 6 and 10 seconds are applied,

b) 3-second filLered F‘Eacl r (Fig. 393. A filter ”veraging time interval CI

ilter the raw F-factor. Associated hazard limits

:0

of 3 seconds was chosen to f

are i0.l where an alert may be given (a "must” alert level was far outsiue
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c1: man a

equation far 3 (Eu. ('14)?) is the, Qfififil Fain-hive... amazed film the earth;
time fdfitivative; amaze and jaifihh and yaw fates q and r- as fe'lldv‘z’eir

await =‘-;a:z,§,ean =-.+ 9.152;. a any. (171

Fiat-sh the» pittih rate and the: yaw rate were defivexiairom diffierantiating the
file—setond running mean ’pifieha'md Heading angles, :in arder to avoid getting
quantization miss; due to 1w Ie-smlmtiqn in the and}: and heading angla

a...) raw F-. - A ' 7 . The: .F-fiaq-tor_, hgseti an the unfiltezed local .
‘heaawind component. and shown ”in figure: 38! shows 7a "noisy" pattern. Several
times the critical value of. $07.21. is; exceeded, mot-ably near the end of the.-
Jep‘proach. A negatiVe peak is followed by a. "po-sitiva" peak. The limits of
:to 1 are limits where an aiIbOIne system may have. given a warnimg, pending
further analysis of turbulence nuisance alert avoidance. By inepecting the
"grew" along-track wind component (Fig. 22) it is clear that the major
abntribut’ion to F‘ Comes from the headwiné, and not: from the vertical wind.
cwnent.

For practieai purposes (Le. to, avoid" amisamee aiergtslfilr reactive windshear
warning systems emplny Ewe mechanism. time. is 'fihe de-aetivatien ef the alarm
function when the aircraft is below a neg-Iain radio height. In operational

Systems the alert function is inhi‘bi’tefii i.’e-. all values of" the, new F-ifac't'far!
are invalidated, for (raindaltitgfles belewr 2Q IL This inhibit-ion has aged
been adapted in the: data. given Edie;

The Second meéhanism is filtering-r. or graft-aging, that is, empldyedi in ordax 1th,
reduce peaks in the; signal, and hence to alievijate alerts due to turbulence,
The «question still to he answer-ed is what type of filtefing to use. Vin-inns

filter time. wmtants can be taken, and. Isoacm {Ref}? indicates a
relationship between the value of the filter... time interval (2, and ale-r't‘ level.

Fe; the 93313099915 demonStr-ating._ the effect of Filtering, three filter time-
intervals, of tag-3., 6 and-10 seconds Are. Apgliedn'

V _ A filter aVeragmg the interval 2:,
{mi 3 seepnd‘s was chosen te‘ filter the raw F- factor Associated hazaId limits
are :ifiJ Where am alert: fm‘a'y be gixrem --.(.__a. Tmuet'F a'lejct- 19.2.3.1 was? far outside
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ire 39. It is

evident that the limits of +{.§ are 3133 ex 93ded several time'.

negative peak of—O.2 a: 07:32:2b gm? and oi ~D‘3 at aficut
‘ \ -
HE: LéiEI' Tit-"EHlocation of the microburs:s\0 O *1 H (U U] {.1 0 T) D. ,1 rr Di r

f “,T

about 1 km before the runway. The airspEed a: this p012: {Fig.
:0 haw: droppad from 150 kts co EQC kts {C55}, ' -- - :' inc

1&5 Rig due to the thrctt

's kind of sirspeec fluctuation

this twps of filtering does not exist. is 010 or the main
.,further research in the framework 3f fh? hINDSTREAM-project.

ma 6-seconc E:

C systcm must

value of hevond $1.'; _ " 3 ' =. the figure. It can be
”must” alert level 1- ,*' . .- . "‘_ but :he

rj‘
x

installcd. Both occurrences can be attributed to the headwinc-

levai is exceeded 021v ance, viz. st about 3713214; GHT» This

coincides again with the last microhursf idantifiao a;

other peak. at about 07:32:20 GMT, from

reach the critical level. Hence it appears that the {possible}

A~ v:m' ‘ FA . , ,.V. - ,1 ,»i: .- ”his. y~~i 31- , ‘7w) kiscsnesi-model vsJeratcu NlLQShOdfimhggaid .Eis. «i». an i:

?:36 GMT. Both

corresponds

microburst

4; can be sevn

margin for

Y subjects or

ictor is

re a. alert for a

scan that this

may” alezc Level was exceeded

COmCaiLwind

('J S m g {1 ii. In H O
('1 Cu La ‘D

9:. b}. This

Lafirfi. Th (D

Us? does not

comparison '5 terms of windshear hazard is L.£ F-tsctor as produced by the
Wind profile, generated b; tbs windshear models thrmselves.

indication of the windshear severity detected Dy the witdshea:

catfmm_
-42-

on 93930 c€g§é§

the range of data). The 3 e filtered F-factor is shown in figure 39. It is
evident that the limitS‘of 10.1 are also.exceedefl.severel times. There is a

negative peek of-0.2 at 07:32:20 GMT end of -O.3 at about 07:32:36 GMT. Beth
correspond with the location of the microbursts. The last peak corresponds

with the headwiud-to-tailwind change due to the second (last) microburst
about 1 km before the runway. The airspeed at this point (Fig. 4) can be seen
to hEVe dropped from 150 kts to 140 kts (CAS), and then to increase again to

145 kts due to the throttle action and engine response. There is no danger
involved in this kind of airspeed fluctuation, hence an unambiguous

relationship between windsheer hazard or F-fector and airspeed margin for
this type of filtering does not exist. This is one of the major subjects of

further research in the framework of the WINDSTREAM-project.

c) 6-seggng fiiltgggg E—figggo; (E33. 40). The 6~eeoond filtered F-fector is
given in figure 40. Here a windshear alert system must give an alert for e
value of beyond i0.175. as indicated in the figure. It can be seen that this

"must" alert level was never exceeded. but the "may"‘alert level was exeeeded

twice. These moments occur at 07:32:20 GMT and at 07:32:40 GMT, which.

because of the 6 seconds filtering, would have given a warning that would

have come about 6 seconds late, had a windshear warning system been

installad. Both occurrences can be attributed-to the headwind-to-teilwind,

changes associated with the smell microbursts mentioned before.

6)W-The final filter time used is 10
Seconds. The resulting filtered F-factor is shown in figure 41. In this ones
the alert level of i0.l has now become a "must alert" level (Ref. 8). This
level is exceeded only once, viz. at about 07:32:45 CHI. This moment

coincides again with the last microhHISt identified at this location. The
other peak, at about 07:32:20 GMT, from the first microburst, just does not

reach the critical level. Hence it appears that the (possible) windsheer

alert due to the last microburst occurs quite consistently.

e) w‘n‘ -mode e ted w ear haz rd Fi . 4 . An.interesting
comparison in terms of windshear hazard is the F-factor as produced by the

wind profile, generated by the windeheer models themselves. This gives an

indication of the Windehefir severity'detected.by'the windeheer identifiication -

cone-13mm
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process. Since all random iluctuations due to turflc ._1 {L ._.. |_J (I E ‘i 0.) P.
A

‘1 F ,n Q4 « '7 11 U :1

left out. no filtering of the F-factor has been applied here. The resulting

windshear hazard is shown in Lizure 42. It is evident that the greatest
. r1nations in r can be shown to hevariations occur at the end. where the fluc (A.

entirely attributable to changes in the horixcntal windspecd. also the moment

where it occurs coincides with the peaks found in the other r-Factors

{figures 39—41}. The double peak corresponds with the interaction of the

first and second microburst. and the wind change of this second microburst,

hainai l—Factor reachesN O c 5 o r? K) 1""~le situated near the runway threshold. The
: ‘zi';{when the airplane is reachink the runway threshoi-I! D“ L) l. rr IN m H o

3 CCNCLTSIGNS AflD RECOMMENDATIQF U1

Conclusions aLd recommendations are ‘rcdicatcd upon the data set delivered to

NLR. which was not complete. Flight data for the segment of between :4 ft

3 :5 (T '1 F) ,_. H. O 91 O (E: U} s (T! f‘; {D {J G mheight and 1He ground were no: included. Also cU

', there were no signals available for ELK indicating the status of
h ltue autopizot/autothrottle system. and the an le 0: attaca calib'ation had to

be altered in order to provide realistic verticai wind components.

Furthermore the effect of the sideslip angle on the angle of attac“ vane had

to be incorporated. Because of its nonlinear estimation process :he windshear

identification process itself does not yield unambiguous re ults.

Nonetheless. however, the following conclusions can be inferred.

«‘ ‘ L 4 w i
be turbulent. Since to. 1p1:l. The weather was qu q l

right—quartering crosswind, hence with turbulence. gusts. etc. from the

right. this turbulence could increase the pilot workload in handling

the aircraft under these conditions.

L. The aircraft successfully negotist=d a dcwnburst early in the approach.

')from which it emerged at about ?OO fit without any detrimental EfHECt‘\

other than a possible onset of a phugoid {see later). Immediately

afterwards. and at about 1 km before the runway threshold the aircraft

passed through two more microbursts. which can be Classified as small.

The last microburst caused headwind-tailwind changes of a magnitude

CONFIDENTIAL
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{in 93689 C

progeny. Since. all rag-1&1: flaemtiegs' flue to tat-balance- have alrgady been
left- out, no; filtering of? tfizé Ffi'ffliéffif- has Eiéfifi fippliéfi here; The. re-Sultifig
Windshear hazard 15' Shawn in figure £12.. It is evident that the greatest
variations acacia: at the fem}, where the fluctuations. in F can be shown to be?

entirely- att‘ributable ta changes in the. ho-rizantal windspeed. Also the moment

whe‘fe it occurs 6013:232s with "the peaks fiound in. the other F-factors
(figures 3941). The: double. peak; Gama-ponds with the interaction of the,
first and second; microfiurst; ”anfl the -'wi'nd change of this ‘56c flicitobursfi,
flannel ta be situated ngar the may threshold. The" final, F—Factqr reget‘zas
about zero: (when. the. airplm 1:5 remitting-£1119 Way threshold}. 3

9.: cmmvsmns m “23’6 3'%»5£$@1¢&

C‘qnglusions and recomndatians are-prgdicated 990;; the data set delivered to-
NLR; which was not ample-tar. Flight data far éh'e' segment of b’etWeeh .44 ft:
height and the grgund were not meludefi. £150 aantrol fqrces were not
30111531113, there were as sigmlfi airailable. flit NLR indicating the status of?
the autoP‘ilot/autothrpttle- 335m, and the angle of attack calibration had 1:9:
be altered in order to prnviéfi realistic'v'extical wind components.
:Mthemore the effect Qf the Sides‘li‘p angle or; the angle of gttack vans hafl‘
ta be incorporated. Eacaus-e if, its flbnli-fié-ar e'stimation process fih’e windéheat:
identification preceas itself'd‘ees- not yield unam-iguons results".
Hanatheless, humeVer. the}; fialldwing conélusibfis can be. inferred.-

‘1. The weather was qui-té Whalehtr rs‘iheé the flight Was cbnductéd if: a
,rightaquartering cro-sswind, hgnge. with mbfilefiee, gusts, etc. frqm the
right, this turbulence fies-:15 ifiéreaéé the: ‘pila‘t wdfkload in harming

the. aircraft me): these- candltmns ..

2 Tina airgrafi: suficessftzily- nagotiated a dmlmrst sax-Ly in the approach”
from which it emerged; at .a‘fifiut- T06. ft wifihbut any aefirimefital affect!

other than a pa-ssihle gusset cf; :1 phgguid (see later). I'mnediately
affiarWards‘. and at ‘abdut -1 @2115)?t that. May threshold the aircraft

passed thrmgh mm mm merobusts tail-mish- can he alassrififid as small-g
The last mierob‘tirs-ts aat‘xsédhaaMndtat-aflvfind aha-rigge— 6-3? a magnitua'e _.
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Horlings
Callout
Then why did you conduct this analysis? Is unreliable, isn't it? 

Horlings
Callout
only light, i.a.w. ICAO scale.

Horlings
Text Box
?? Auto pilot and CWS mode...

Horlings
Squiggly

Horlings
Callout
The copilot pushed and pulled the controls...

Horlings
Callout
No, flight path corrections by the copilot, as part of the non-precision approach, and preventing to touchdown early, i.a.w. AOM procedure. 

Horlings
Highlight

Horlings
Highlight

Horlings
Highlight

Horlings
Highlight

Horlings
Highlight

Horlings
Highlight
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:.at would have triggered a windshear alert system, hafi such a s'stem

been on board. The potential airspeed lcss due to the :icroburst was
‘successfully negotiated, nowever, by : Pf 'apid power lever increase.

Resulting airspeed 055 was trcforu kept Lo atom; 10 kts.

:‘l I {"3 3 r4 :3 CL (fl n—
i U) n: ‘1 (D #4 "J {3 F1 b-
Jv (D 5 O ('5 Q. E :11 If] 3 (J (’3 G! (n k“ ) 1 w r... k
l

<‘ O" F!) .<
1 G ’1 h ’T ,, ’L' "3 flll ’‘1 {'1
} 0 P1 8 (I) :5 CI (v

limits of fine aircraft. The na:a:d ifidex ;F} indie ted that such a

situation occurred Close to the ground. at an altitude of about EU m,
rmincrcase. ;1ere certainlyThis was accompanied by a rapid pcwet

were no "d0wndrafits" or downward-éoing wind components which could

press Ch? aircral. :' ' g . 4. 4 x'm49 airspeed chanzcs thst

considered it apidlv varying winds it is

The overall windshift that was noted tc exist during the Landing
approach caused the aircraft to land at a crasswinc whicn w

or might even have exceeded the landing crosswind Limit. La
:rosswind component above the runway threshold was about 10 his from

a right, but this was exceeded 59T9_=

Maximum calculated crosswind component

Jccmrred at about 10 seconds before :Eaching thc runway. Also due to
the windshift the aircraft crossed the runway threshold with a tailwind

compnnent of about lfi RC5. while about 13 seconds earlier Lh: tailwinc
component was even :a kts.

I
i

,7; (E r1 (L [x I'Y I'D ,_. :1 CL. 1.. F) L) rl H O N L} rI J L: r
f

l
I :J (U fl ,4 W n W C! H
,

FT S E.) n (D u: '1 1L] ,4 < ('1 v 1 {.1 ’J H L) :J D. H- L) 5."! *1 ’j“ 7)

the pGWEI levers were CLOScd at this altitude is not clear.

chec”=d Chic could lead to at laaSt a very firm landing. certaic with

the flaps set at BC degrees. In combination with th= crab angle still
cristing at the end of the available d:

(m ‘1: (D p. H H' CO 13" f
Y 0‘ r1.potefitially dangerous situction, where the landin

damaged. More flight data is needed. however. to subctxntirte this.
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that would haVe triggered a windfihear alert cystan, had such a system

been on board. The potential airspeed loss due to the microburst was

successfully negotiated. however. by a rapid power lever increase.

Resulting airspeed loss was therefiore kept to-about 10 kts,

The windshear experienced was occasionally beyond the performance
limits of the aircraft. The hazard index (F) indicated that such a

situation occurred close.to the ground“ at en altitude of aheut 50 m.

This was accompanied by a rapid power leVer increase. There certainly
were no "downdrafts“ or downward-going wind components which could
press the aircraft into the ground. Maximum airspeed changes that were

recorded were within acceptable limits during the portion of flight

considered in the analysis. Because as the rapidly varying winds it is
sometimes hard to differentiate between windshear and turbulence.

The overall windshift that was noted to exist during the landing
approach caused the aircraft to land at a crosswind which was close to.

or might even have exceeded the landing crosswind limit. Calculated
crosswind component above the runway threshold was about 40 kts from
the right, but this was exceeded several times during the approach.
Maximum calculated crosswind component (peak) was about 70 hrs, which

occurred at about 10 seconds before reaching the runway. Also due to
the windshift the aircraft crossed the runuey threshold with a tailwind
component of about 10 kts, while about_10 seconds earlier the tailwind
component was even 22 kts.

There are indications that the aircraft'made a traverse landing. The
vertical acceleration shows the onset of a high rate of descent in the
final seconds of data available. This can be attributable to the fact

that the power levers were closed at an altitude of about 150 ft. Why

the power levers were closed-at this-altitude is not clear, If not

checked this could lead to at least a very firm landing, certainly with
the flaps set at 50 degrees. In combinatiOn with the crab angle still
existing at the end of the available data set. this could lead to a
potentially dengerous~situationq where.the landing gear might be

damaged; More flight-data is needed. however1 to substantiate this.

CDNFEBENTIAL

Horlings
Callout
Are you really sure? Is wind change used to trigger a windshear alarm? You didn't look at pilot control inputs, didn't you? Not very scientific. 

Horlings
Callout
The ATS increased thrust because pilot pulled on the control, and pitched up. Not due to microburst.

Horlings
Callout
Because of the ATS response to an elevator up command by the pilot.

Horlings
Squiggly

Horlings
Squiggly

Horlings
Squiggly

Horlings
Callout
Looked at formal required approach and threshold speeds? And to the gust filter in the ATS?

Horlings
Callout
There were no rapidly varying winds, refer to DFDR data

Horlings
Callout
Are you sure? Have you done an approach heading analysis? Why was the heading to get to the runway a constant 125° (DFDR data)?How accurate were your calculations? 

Horlings
Arrow

Horlings
Callout
DFDR data was available until 7.5 s after touchdown.

Horlings
Highlight

Horlings
Highlight

Horlings
Text Box
Control inputs are windshear, acc. to NLR!?

Horlings
Callout
How was this noted? 

Horlings
Highlight

Horlings
Text Box
Why do you conclude this without having seen the pitch angle increase during the last s of flight?
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The response of the power levers in toe last :0 seconds of data

available is very unusual, It looks l

to idle. although the sutothrottle LAT) system was gileged to L;

functioning. With an airspeed at U7:32:4O GMT of abou: 1&5 kts. which

is only 5 knots above Vref. closing the power levers at tn.s point. at

a height of about 150 ft, is an unlikely course 0? action for the

autothrottle system‘ unless some failure has occurred or the

autothrottle system has been manually overridden.

After the change-over in autopilot mode. from a? to

Steering), the approach became unstabl ”J ‘3'] (D (l 0 H D. m LL ”'3 H' r V (A & (A y ._.4 #4 £1 (‘2 p Q L: n O H

about 6 degrees amplitude occurredV which can be classified as larger

The rather sudden start of oscillations in pitch angle at the moment of

switch-over could be attributablt to the vertical =pdrat: eyistin” it

this moment. Why such a departure was allowed to develop is not clear.

.“ view of some uncertainties the folZCWiug recommendations ere made:

h! {w Ev
.

{fa r4 ‘ecommended to acquire the complete set of flight data

recorded data from the flight data (crash) recorder in

data frrm the sons. and LO analyze the remainder of the airborne

portion of the flight. i,e‘ the segment from about as it ra€io«s1titude

it is recommended to further analyze the f ght data, especiallv to
acorrelate co-tro wheel forces and flignt parameters. in order to

(J | l- P. [u {T H' O :1 LI}ate the possibility of FIG ZPilot~Zoduood Geri

It is recommended to further Study the functioning of t.e autothrottle

svstem. by correlating the AT input and output parameters‘ software,

control laws, etc., in order to simulate the AT»oehaViour to these

It is recommended to obtain transcripted data from the cockpit voice

re order, and to synchrcnize the crew communication with the flightf)

dais as portrayed in this document, in order to better understand theFT

CONFIDENTIAL
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The magma cf the Pfizer» later;- ih- the last 5150 seeonds- «if; data
available is very unusual If flanks 3.1.1153 the ‘pWe'r: levers were renamed
ta idle, althtugh the autathtottle (AT) system was: alleged to be
Machining; With .an- é'ifisgzaed At 9?:232540 am of about 145‘ kts, which
is only 5 knots above Wref, clasimg the" pewter levers at this pic-int,’ at
a height of about 150. ft. is an unlikely confise of :aetion for the
autoihrottle system, unless, some flailaxre has pcemecy er the
autothtottle s’yistem has been manually 'ovxarr‘idéen.

Aft?! the chiflgfi-Qvlet it} autopil‘cst Ebde3, from AP: 13%;! WS (66116701 WhéB-l»

Steering) , the, approach beams .mtahlle.. Recast-653:1 pitch ascillations 9f
about 6 drag-tees amplitude occurred, Which can he chastsified as large.
The rather sudden start of osefllations in pitch angle at the figment qf

tweak-over weld be attributeble. m the ivmmz "agent: eXéisting at
this fitment. may such a departure was allawed to develep is net. glen;

In‘viéw {If some uncertainties the folipwigg recgmendetiuns are made:

rename; and W ‘5'. .-

It is recomend‘ed, to acquire the template set of flight (tats, using the
recorded data. from the flight data (crash) Kéléordér in addition to the;
date from the AGES, and ice analyze, the :emaind‘ex an? the airborne

garden of the flight. '31. e. the segment- fiber abet-t 44 ft ruckuseltitude
fin touehd‘awn.

It is racmendedw t9 fiurther analyze- tha- flight data, especially to
adfiéla‘ta 0611121731 whéel 25¢:a amt fllght parameters, in aide:- to
inve§»tigate the pgs-sibility pf FIG (,Eflatéindueed Oscillations).

:It is recommended“ to further study the fimctioning of the gutothrattla
system. by torrelating the am ingut and dutpg'xt' (germane, sofitwaré,
6033351331 11843:, Etc. , in ether to simulate the Aid-behavieuér to these;
eignals .

3:2: is new“, ["112 to them: trmcmpted {mt-a firm. the) teefifiizt #612135
quire-r the: exam emigrant: with the flight:

data as porttayed in this doeuméfnit; in' notchr fie batter mfiéxatand the

eammww.
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Horlings
Callout
Because the copilot did not use CWS as it should be used. He continuously applied pitch control forces.

Horlings
Arrow

Horlings
Text Box
and verify the segment before that. 

Horlings
Highlight

Horlings
Highlight

Horlings
Highlight

Horlings
Text Box
NLR drew conclusions with a limited data set, very very unprofessional. 



CONFIDENTIAL

)\Z k(

+.
k.occurrence of car

be answered in this VIE-COKE.

LJ
I

the folLowing:

to check

altitud on

uging, ‘gsheal;

check on the autopto

system failure.

The flight simulaticn

turbulence environmen H

’J of wind7?e.fecr»

ham;{p d be

model used.
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oceurrenee of certs-in phenomena. This mold allow several questions to

be answered in this report.

A flight simulsxor exercise should. he nastier! out, mg. to establish
the following:
- to check the effect of closing the power, leavers at 150 ft

altitude on vertical speed at touchdown;

- to validate the effect of pitch response due to vertical wind
(sheer) using the derived windshear models;

- to check on the autopilot mode response, and the possibility of
system failure. e

The flight simulation exercise should he performed in a windehesr and

turbulence enviromnt as identified in this report. Especially the

effiect of Wind gradients on pitching and rolling motion of the aircraft

should be included in the aerodynamic model as well as the turbulence
model used.

2 WWW

I would like to thank Karin Schsepi of the awareness IN of mm, for her

immediate and willing contribution in this pro-j est by processing the ACMS

fists, and getting the program updated to handle the DC-lO. Also I would like

to thank Henri Ksnnemsns for his much appreciated contribution by updating

and working with ptogrsm GEE-I, and providing valuable insight and expertise in

analyzing and interpreting the: windshesr results.
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Elisha controlsI}
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PAI
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up 3 Z ,- ii('0elevator ouch. right +: r105

flap position A, «
pitcd te ; 1
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P.) F

p-lateral acceleration +2 left ?

ver2icai acceleration +z uD ; b

(3 93.980 C
kg

_
Table 1 .Paranaters registered by the

parameter,

1 Flight controls

aileron 1:11). left

aileron outb. right
elevator 1111:. left : nose up
elevator outb. right +: nose up. 327
flap position ' 19
pitch trim S 1/2

upper rudder deflection +1 rlght 8 1
lower rudder deflection +: right 328 ‘l

spoiler lefthand — +: up 32 l
spoiler righthgnd +: up 33- I

: Aerodynamic data

alpha vane angle I +:_ nose up 425 1
CAS 236
Mach 239 ' 1
TAS ' 238 1/2

Inertial data

Latitude +: North. 170 1/4
Longitude .+: East 7172 1/4
Pitch angle +: nose up: 3 2
Bank angle +: right 4 1
Ground speed I ‘ 174 1 ‘
Drift 311n +:' llaft' 357' . 1

Ground track angle 176 1
longitudinal acceleration 4-: forward 108 4
lateral acceleration _+: left 9 4
vertical acceleration 1+: up 1 8

WMIAL

Horlings
Text Box
Control forces by pilots not included? Good enough for accident reconstruction?Difference with AIDS?
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How calculated? The heading was near constant to get to the runway. Hence, no change in wind and drift angle, What is this? From where this varying drift angle?
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