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N
O

TE
:a

partofthis
sem

inaris
based

on
a

jointA
irbus-B

oeing
Lecture

on
S

tall
Tests,presented

atR
oyalA

eronauticalS
ociety

in
London

on
M

arch
2013.
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In the fram
e of a new

 transport aircraft test cam
paign,

stalls are perform
ed early, w

ith the follow
ing targets:

¾
Flightenvelope

opening
(tow

ards
low

speed)
¾

O
ptim

ization
of

aerodynam
ic

configurations
to

get
a

good
com

prom
ise

betw
een

low
and

high
speeds

¾
A

erodynam
ic

identification
of

the
aircraft

(
௅ఈ

curve
of

allaerodynam
ic

configurations)
¾

D
eterm

ination
ofthe

stallspeeds
(Vs

1g )
on

w
hich

a
lotofperform

ances
are

based
(V

2 takeoffspeed,V
R

EF approach
speed,…

)
¾

Localchanges
in

angle
ofattack

(A
O

A
)atthe

horizontaltail
¾

H
orizontaltailstructuralloads

¾
C

ertification
tests
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STA
LL

is the reduction of Lift
w

hile increasing the Angle of Attack,
due to an extended separation

of the boundary layer
from

 the upper w
ing surface

Loss of Lift is accom
panied by

a D
rag increase

and a
change in pitching M

om
ent

https://com
m

ons.w
ikim

edia.org/w
/index.php?curid=1454898
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C
onditions

for
stallidentification

m
ay

be
different

according
to

Airplane
C

ategory,as
specified

by
C

ertification
R

egulations:

•
C

S-VLA
:a

stallis
show

n
by:

¾
an

uncontrollable
dow

nw
ard

pitching
m

otion
of

the
airplane,

or
until

the
controlreaches

the
aftstop

•
FA

R
/EA

SA
C

S-23:a
stallis

show
n

eitherby
¾

an
uncontrollable

dow
nw

ard
pitching

m
otion

ofthe
airplane

¾
A

dow
nw

ard
pitching

m
otion

ofthe
airplane

thatresults
from

the
activation

of
stallavoidance

device
(i.e.:stick-pusher)

¾
The

controlreaching
the

aftstop

•
M

IL-F-83691:a
stallis

show
n

by
a

clearindication
ofeither:

¾
A

definite
g-break

¾
A

rapid,uncom
m

anded
angularm

otion
¾

The
aftstick

stop
has

been
reached

and
A

O
A

is
notincreasing

¾
S

ustained,intolerable
buffetis

experienced

7
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•
FA

R
/EA

SA
C

S-25.201
(d):a

stallis
show

n
eitherby:

¾
A

 nose-dow
n pitch that cannot be readily arrested

¾
B

uffeting, of a m
agnitude and severity that is a strong and effective 

deterrentto further speed reduction
¾

The pitch control reaches the aft stop and no further increase in pitch 
attitude occurs w

hen the control is held full aft for a short tim
e before 

recovery is initiated.

C
ER

TIFIC
ATIO

N
R

EG
U

LATIO
N

FA
R

&
EA

SA
C

S
25

•
25.103

stallspeed
definition

(
஼௅ ெ

஺௑ ,
ௌோ )

•
25.201

stalldem
onstration

(eng
thrust,C

G
position,long

trim
,…

)
•

25.203
stallcharacteristics

(g-break,fullback
stick,roll,buffet,..)

•
25.207

stallw
arning

8
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STA
LL SPEED

S:

Vs
1g

m
inim

um
 C

alibrated airspeed (C
AS) at 

w
hich the aircraft can generate enough 

Lift to m
aintain a controlled trim

m
ed 

level flight (at 1-g)

Vs
m

inim
um

 C
alibrated airspeed (C

AS) at 
w

hich the aircraft can generate enough 
Lift to m

aintain controlled flight

A
ccording

to R
egulation FA

R
/EA

SA C
S-25

R
eference stall speed V

SR
is the 1-g stall speed Vs

1g
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irbus Stallspeed
definition

10

FC
O

M
 A320F, Airbus –

from
 w

w
w.sm

artcockpit.com
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LO
W

 A
LTITU

D
E STA

LL TEST
(up to ~10000 ft)

௅_ெ
஺௑

is
identified

w
ith

one
of

the
follow

ing
behaviors

(referto
figure):

1)
Sudden

loss
of

lift
and

vertical
acceleration

(g-break)
2)

Increm
ent

in
vertical

rate
of

descentas
the

AO
A

increases

11

C
L_M

AX

A
N

G
LE of

ATTA
C

K

1

2
C

L_M
AX

A
N

G
LE of

ATTA
C

K

1

2

O
ther

behaviors
thatidentify

௅ ெ
஺௑

butm
ay

require
further

intervention
on

the
aircraftare:

•
R

eaching
fullaft

stop
of

longitudinalpilot
stick

w
ithout

any
further

AO
A

increase
•

D
rop

ofa
w

ing
•

Sudden
pitch

up
(aft-sw

eptw
ing)
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ABBO
T “Theory of w

ing sections” Ed. D
over

For a given w
ing section,

C
L_M

A
X

and
α

M
A

X

depend
on

R
eynolds N

um
ber

Flight envelope boundaries m
ust 

be flight tested for certification, 
not extrapolated

(FAA
/E

AS
A

 25.25 (b)(3)
m

inim
um

 in-flight w
eight)

S
talling is fundam

ental for perform
ance

determ
ination

(V
2 , V

R
E

F , ..), but at the sam
e tim

e it involves
controllability

and handling qualities

STA
LL D

EFIN
ITIO

N
 A

N
D
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EQ

U
IR

EM
EN

TS
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9-30 Lift curves

@
 M

=0.2 and Tailoff

13

Slats
effect(Flaps 0°and 50°) 

Flaps effect(Slats
retracted)

http://adam
one.rchom

epage.com
/index6.htm
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Severalfactors
have

an
im

pact
on

𝑳_𝑴
𝑨𝑿

and
consequently

on
Vs

1g
and

need
to

be
identified

and
evaluated

during
flighttesting:

�
Longitudinalposition

ofC
enterofG

ravity
(C

G
)

�
Engine

thrust

�
M

ach
num

ber(low
and

high
altitude)

�
G

round
effect

�
A

irplane
abnorm

alconfigurations
and

m
alfunctions

�
W

ing
&

H
orizontalStabilizerIcing
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C
L_M

AX

C.G
.

PO
SITIO

N
FO

RW
A

RD
A

FT

C
L_M

AX

C.G
.

PO
SITIO

N
FO

RW
A

RD
A

FT

C
L_M

AX
vs

C
G

:
due

to
the

dow
n

force
of

the
horizontal

stabilizer
forpitch

trim
m

ing.
Forthis

reason,Vs
1g

is
com

puted
w

ith
the

forem
ostC

G
position.

G
etting to G

rips w
ith Aircraft W

eight and Balance, Airbus
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C
L_M

AX

EN
G

IN
E

TH
R

U
ST

C
L_M

AX

EN
G

IN
E

TH
R

U
ST

C
L_M

AX
vs

Engine
Thrust:due

to
the

verticalcom
ponentofthrustw

hich
is

added
to

the
Lift.

Foraircraftw
ith

engines
underthe

w
ing,recovery

from
«pow

erstall»
can

be
dangerous

and
not

even
feasible:

they
are

perform
ed

w
ith

~40%
of

thrustand
data

are
then

extrapolated.
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C
L_M

AX
vs

M
ach

N
um

ber:
on

transonic
airfoils,due

to
com

pressibility
effect,

C
L_M

AX
and

α
M

AX
decrease

as
M

ach
num

berincreases.
This

im
portant

effect
m

ust
be

taken
into

account
during

stall
recovery,

to
avoid

to
enterin

a
secondary

stall.

C
L

BU
FFET

O
N

SET

M
A

C
H

N
U

M
B

ER

C
O

M
PR

ESSIBLE

IN
C

O
M

PR
ESSIB

LE

~ 0.4

C
L

BU
FFET

O
N

SET

M
A

C
H

N
U

M
B

ER

C
O

M
PR

ESSIBLE

IN
C

O
M

PR
ESSIB

LE

~ 0.4

M
ario Venuti, “Aerodinam

ica
O

ggi”, 2°Ed, Editrice
Totem
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Is there any other phenom
enon able to detach the boundary layer 

from
 the w

ing surface?

18

http://aviationw
eek.com

/AirlinerTech#slide-4-field_im
ages-1368241

YES, the shock w
ave

O
n

a
transonic

airfoil
at

high
subsonic

speed,
the

shock
w

ave
causes:

�
Loss

ofLIFT
�

Increase
ofD

R
AG

STA
LL D

EFIN
ITIO

N
 A

N
D

 R
EQ

U
IR

EM
EN

TS

https://m
hm

aberry.w
ordpress.com

/
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H
IG

H
 A

LTITU
D

E/H
IG

H
 M

A
C

H
 IM

PEN
D

IN
G

 STA
LL:

It
is

accom
pained

by
a

significant
buffet

called
B

uffet
O

nset,
w

hich
induces

an
high

frequency
vibration

atpilotseat;in
this

case,
௅_ெ

஺௑
is

identified
w

hen
this

verticalacceleration
atpilotstation

reaches
±0.1g.

R
egulation

requires
that

at
the

boundary
of

the
flight

envelope,
the

airplane
m

ustbe
able

to
sustain

a
m

aneuverat1.3g
before

reaching
the

buffetonsetas
defined

above.
In

case
ofturbulence,the

buffetm
argin

is
required

to
be

1.5g.

19
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ic
Envelope

of a transonic
airfoil

20

G
etting G

rips w
ith Aircraft Perform

ance, Airbus 

•
D

ue
to

com
pressibility

effect,
C

L_M
AX

and
α

M
AX

decrease
as

M
ach

num
berincreases.

•
M

ultiplying
each

C
L_M

AX
for

the
corresponding

square
M

ach
num

ber,
the

term
௅_ெ

஺௑
ଶ

identifies
the

boundary
of

the
aerodynam

ic
envelope:

𝑺
𝑳_𝑴

𝑨𝑿
𝟐
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Aerodynam

ic
Envelope

of a transonic
airfoil

21

G
etting G

rips w
ith Aircraft Perform

ance, Airbus 
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TypicalB

uffet O
nsetchart of a transonic

airfoil

22

V
B

O
V

B
O

From
 the aerodynam

ic
pointof view

, turbulence
speed

should
be the 

one
corresponding

to the top of the buffet onsetenvelope, called
V

B
O .

(m
ay

be structural-lim
ited

to low
erairspeed

by gust-load
diagram

)
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uffet O
nsetdiagram

of Airbus 330 
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FC
O

M
, A330, Airbus –

from
 w

w
w

.sm
artcockpit.com

An
increase

of:

•
Airplane

w
eight

•
Load

factor
•

Altitude
•

Forw
ard

C
G

position

R
educes the

aerodynam
ic envelope

LO
W

 SP
E

E
D

 ST
A

LL
is far m

ore dangerous than
H

IG
H

 SP
E

E
D

 ST
A

LL
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Another
possible

effect
on

sw
ept-w

ing
airplane

w
hen

approaching
the

stall
angle

is
a

pitch
up

caused
by

initialstallofw
ing

tips
w

hich
are

behind
the

center
of

gravity.

24

IN
ITIAL 

STALLED
AR

EA

C
G

IN
ITIAL 

STALLED
AR

EA

C
G
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G
R

O
U

N
D

 EFFEC
T

The
proxim

ity
to

the
ground

causes
a

«cushion»
effectproviding

additionallift
atthe

sam
e

AO
A.

Effects
ofw

ing
dow

nw
ash

on
horizontaltailA

O
A

m
ustalso

be
considered.

“Aerodynam
ics for N

aval Aviators”, H
urt, U

.S. N
avy
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D
ata

for
correction

of
C

L /α
curve

in
ground

effectare
extrapolated

from
M

inim
um

U
nstick

takeoffflighttests.

Bew
are

thatsom
etim

es,how
ever,there

could
be

a
reduction

in
m

axim
um

lift
available

in
fullground

effects.

“Aerodynam
ics for N

aval Aviators”, H
urt, U

.S. N
avy

N
TSB Accident R

eport, G
650,  April 2, 2011
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Stalls
are

also
perform

ed
in

abnorm
alconfigurations

corresponding
to

the
m

ostprobable
failure

cases,such
as:

•
Abnorm

alflap/slatconfigurations,hydraulic
failures,…

•
Lateralcenterofgravity

offset(fuelunbalance)
•

D
egraded

FlightC
ontrolSystem

forFBW
(Alternate

orD
irectLaw

)

Stallare
also

perform
ed

in
the

w
orstcase

oficing
conditions

(holding
patterns),according

to
regulation.

27

O
perationalLiaison

M
eeting,2004,“A321

LateralC
ontrolin

Turbulence
and

Icing
C

onditions”,Airbus
–

from
w

w
w

.sm
artcockpit.com
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Effectof IC
IN

G
on W

ing
and H

orizontalStabilizer

If
A

ppr
&

Ldg
in

icing
conditions,consider:

•
U

se
reduced

Ldg
Flap

•
Increase

V
APP

28

STA
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http://aviationw
eek.com

/business-aviation/how
-recover-tailplane-icing

“C
old

W
eatherO

perations”, Airbus, 2000
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D
 R

EQ
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IR
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•
EN

G
IN

EER
IN

G
 PR

EPA
R

A
TIO

N
S

•
PILO

T PR
EPA

R
A

TIO
N

S &
 TEST C

O
N

D
U

C
T

•
U

PSET R
EC

O
VER

Y TR
A

IN
IN

G
 IN

 A
 FU

LL FLIG
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T SIM
U

LA
TO

R

29



Fabio B
O

C
O

LA

EN
G

IN
EER

IN
G

 PR
EPA

R
A

TIO
N

S

30

EN
G

IN
EER

IN
G

 PR
EPA

R
A

TIO
N

S

•
Initialpredictive

data
are

obtained
from

w
ind

tunneltesting,
w

hich
are

used
to

create
a

m
ath-m

odelofthe
aircraftforsim

ulations
•

Extensive
flight

characteristics
predictions

are
m

ade
to

look
for

unacceptable
trends

•
Pilot-in-loop

sim
ulation

are
used

for
handling

qualities
evaluations

during
design

phase,to
drive

airplane
changes

w
hen

required
•

Flight
test

m
issions

are
review

ed
in

com
pany

sim
ulators

shortly
before

the
realflight

•
Sim

ulators
have

proved
to

be
very

usefulfornorm
alflightenvelope

evaluations
up

to
the

pointofstall
•

Post-stall
sim

ulator
capability

is
still

problem
atic

due
to

highly
unsteady

aerodynam
ic

behaviors
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IN
STR

U
M

EN
TA

TIO
N

 PR
EPA

R
A

TIO
N

Pilots
are

provided
w

ith
additionalinform

ation
norm

ally
notavailable

in
a

standard
cockpit:
�

A
ngle of A

ttack
�

A
ngle of Sideslip

�
Vertical load factor n

Z

�
Tail load structural m

onitor
�

Tail angle of attack

D
edicated

sensors
for

Static
and

Total
pressure

are
provided

for
instrum

ents
calibration

31
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Additional
attention

m
ust

be
provided

w
hen

perform
ing

stalltests
on

T-tailairplanes,due
to

the
risk

of
D

EEP
STA

LL,
w

hich
is

a
longitudinally

stable
condition

w
here

the
horizontaltailis

blanked
by

the
w

ake
of

the
w

ing,w
ith

a
totalloss

ofelevatorfunction.
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https://en.w
ikipedia.org/w

iki/Stall_(fluid_m
echanics)

A
Tail

B
ooster

can
be

provided
on

test
aircraft

as
a

lastresortto
recover

from
a

deep
stall(picture

ofA
irbus

A
400M

)
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R
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LA

PILO
T PR

EPA
R

A
TIO

N
S &

 TEST C
O

N
D

U
C

T

STA
LL R

EC
O

VER
Y TEC

H
N

IQ
U

E:

1.
Low

erthe
nose:A

O
A

reduction
farm

ore
im

portantthan
altitude

loss
2.

Be
very

carefulw
ith

engine
thrust(pitch-up

w
illdelay

stallrecovery)
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PILO
T PR

EPA
R

A
TIO

N
S &

 TEST C
O

N
D

U
C

T

R
ecovery techniques

from
 TU

R
N

IN
G

 STA
LL:

•
A sequentialtw

o-step
approach

w
orks

best (U
N

LO
AD

 & R
O

LL)
1)

Low
er the nose

w
ith elevator (full elevator & pitch

trim
 m

ay
be 

needed)
2)

As
airspeed

builds-up, sm
oothly

rollback
to the horizon
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•
A

sim
ultaneous

pitch
&

roll
axis

recovery
notrecom

m
ended:

�
Ailerons

&
spoilers

m
ay

not
be

effective
above

C
L

M
AX

�
Increases

tailloads
(torque)

�
D

elays
recovery

•
R

udder
norm

ally
is

not
needed

and
can

add
high

asym
m

etric
loads

to
the

tail(overtorque)



Fabio B
O

C
O

LA

PILO
T PR

EPA
R

A
TIO

N
S &

 TEST C
O

N
D

U
C

T

H
IG

H
 A

LLTITU
D

E stall recovery:

1.
recovery

is
slow

2.
H

igher
risk

to
enter

a
secondary

stall(as
M

ach
increases,AO

A
m

argin
decreases)
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Paper: “Stalling Transport Aircraft”, Paul J. Bolds-M
oorehead, 

C
aptain Van G

. C
haney, C

aptain Terry Lutz and Stephane Vaux  
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L C
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N

S O
N

 STA
LL
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•
Stall

speed
m

ust
be

determ
ined

w
ith

a
deceleration

at1
kt/sec

•
A

ltitude
loss:

¾
Low

altitude:2000-3000
ft

¾
H

igh
altitude:5000-7000

ft

•
Stall

at
FO

RW
A

R
D

C
G

:
R

isk
of

horizontal
tail

stall
during

recovery,
especially

in
fullflap

configuration

•
StallatA

FT
C

G
:higherrisk

ofpitch-up
and

Lateraldeparture
(sideslip)
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R
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¾
Speed

bands
on

ASI
¾

Pitch
Lim

itIndicatoron
AD

I
¾

A
uto

Thrustprotection
¾

“A
irspeed

low
”

voice
caution

(Low
energy)

¾
“STA

LL”voice
w

arning
¾

Pitch
trim

inhibited
inside

Am
ber

Speed
band

¾
A

utopilot
prevent

to
enter

Am
ber

Speed
band

¾
FB

W
envelope

protection
¾

Stick
SH

A
K

ER
&

stick
PU

SH
ER
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A
IR

PLA
N

ES H
A

VE M
A

N
Y FEA

TU
R

ES
TO

 W
A

R
N

 PILO
TS O

F A
N

 IN
C

O
M

IN
G

 STA
LL

(VISU
A

L –
A

C
O

U
STIC

A
L –

TA
C

TILE)

Boeing 737
Stick Shaker

Flight Safety M
anual G

ulfstream
 IV
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https://w
w

w
.youtube.com

/w
atch?v=BR

5kFO
H

VnU
U

U
PSET R

EC
O

VER
Y TR

A
IN

IN
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 IN
 FFS

A
F447

https://w
w

w.youtube.com
/w

atch?v=BR
5kFO

H
VnU

U
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https://w
w

w
.youtube.com

/w
atch?v=BR

5kFO
H

VnU
U

U
PSET R

EC
O
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A
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 IN
 FFS

A
F447

https://w
w

w.youtube.com
/w

atch?v=BR
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B
ack U

p Speed Scale
(Airbus retrofit)

According to the
em

ergency procedure
U

nreliable Speed Indication,
by sw

itching all AD
R

 O
FF

it is possible
to fly the airplane
referring to A

O
A

instead of Airspeed

http://aviationtroubleshooting.blogspot.it/2009/06/af447-unreliable-speed-by-joelle-barthe.htm
l
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N
orm

alized A
ngle of A

ttack (A
oA

) indicator
on Prim

ary Flight D
isplay (PFD

)

H
oneyw

ell SPZ-8000 Pilot’s M
anual: G

ulfstream
 IV PFD

1.0
alw

ays
m

eans
A

oA
M

AX
(stall),

according
to

Flap
configuration

and
M

ach
num

ber

U
PSET R
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O
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A
IN

IN
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 IN
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LA

IS IT PO
SSIBLE TO

 
EVA

LU
A

TE TH
E A

O
A

, 
even

w
ithoutthe A

O
A

 
indicator?
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YES

U
PSET R
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http://w
w

w
.pprune.org/tech-log/452973-fpv-fpv-cage.htm

l
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SYN
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ETIC A
IR

 D
ATA SYSTEM

To provide
analyticalredundancy

to traditionalAir D
ata Sys, 

using
Kalm

an
Filters

(optim
um

 observers)
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JO
U

R
N

AL O
F AIR

C
R

AFT vol. 50,
N

o. 4 Jul-Aug 2013, p.1234
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C
olgan

A
ir 3407

https://w
w

w.youtube.com
/w

atch?v=vM
y8kZ2_TM
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H

Y PILO
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EED
 U

PSET R
EC

O
VER

Y TR
A

IN
IN

G
?

(https://w
w

w
.icao.int/safety/LO

C
I/AU

PR
TA/index.htm

l)

•
2015

IA
TA

statistics:Loss
O

fC
ontrolevents

are
m

ore
than

tw
ice

the
fatalities

rate
than

C
ontrolled

FlightInto
Terrain

[source:AW
&ST]

•
Som

e
recentaccidents,such

as
C

olgan
Air

(Buffalo,2009),Air
France

447
(Atlantic

O
cean,2009)

and
Air

Asia
(Indonesia,2014),have

show
n

thatpilots
can

find
orputthem

selves
w

ellbeyond
stallA

O
A

•
FA

A
recently

issued
the

U
psetPrevention

&
R

ecovery
Training

Program
forcom

m
ercialpilots,in

an
extended

AO
A-Sideslip

envelope.
Full

Flight
Sim

ulators
are

required
to

accurately
reproduce

handling
characteristics

up
to

10°
beyond

stallA
O

A
w

hich,according
to

N
TSB,

covers
m

ostofthe
pitch

excursions
seen

in
accidents

[source:AW
&ST]

U
se of sim

ulator beyond a valid aerodynam
ic m

odel database
could provide “negative training”
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 TH
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D
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AM
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 D
A

TA B
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B
TA

IN
ED

?

•
In

the
past

decades,
extensive

research
has

been
addressed

to
the

aerodynam
ic

m
odeling

and
w

ind
tunnel

test
m

ethods
of

m
ilitary

fighters
athigh

A
O

A
&

Sideslip,to
reduce

the
risk

ofstall/spin
during

air-to-aircom
bat

•
In

the
fram

e
of

N
A

SA
Aviation

Safety
&

Security
Program

(1998),
extensive

w
ind

tunneltests
have

been
perform

ed
since

2001
atLangley

R
esearch

C
enter,

to
investigate

aerodynam
ic

characteristics
of

large
transportairplanes

atupsetflightconditions,using
m

odeling
and

test
m

ethods
developed

by
m

ilitary
experience
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VEN
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N
A

L 
FLIG

H
T SIM
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TA
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A

SE?
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P
aper: A

IA
A

 2012-4568

•
G

reen:flightvalidated
•

C
yan:w

ind
tunnel/analytical

•
Yellow

:extrapolated
•

W
hite:constantdata
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aper: A
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TA
?

R
igid

body
aerodynam

ic
forces

and
m

om
ents

produced
during

highly
dynam

ic
post-stallm

otions
(departures,spin),are

difficultto
predictdue

to
highly

non-linear
and

tim
e-dependent

aerodynam
ic

behaviors
typical

of
separated

flow
s.

According
to

IC
A

TEE
(International

C
om

m
ittee

for
Aviation

Training
in

Extended
Envelopes,

2009),
aerodynam

ic
enhanced

database
should

provide
the

follow
ing

stall/post-stallcharacteristics:
[Paper:AIAA

2014-1003]

•
D

egradation
in

static/dynam
ic

lateral-directionalstability
•

D
egradation

in
controlresponse

(pitch,roll,yaw
)

•
U

ncom
m

anded
roll

response,
or

roll-off,
requiring

significant
control

deflection
to

counter
•

Apparentrandom
ness

ornon-repeatability
•

C
hanges

in
pitch

stability
•

M
ach

effects
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A
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C
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A

ER
O

D
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A
M

IC
 D

A
TA

TH
E AER

O
N

AU
TIC

AL JO
U

R
N

AL Jan 2012
Vol 116 N

o 1175 p.67-86 

•
PITC

H
control(elevator)

•
R

O
LL

D
A

M
PIN

G
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According
to

IC
A

TEE,A
erodynam

ic
enhanced

m
odelcan

be:

•
Type

specific:from
aircraftspecific

engineering
and

flighttestdata
•

Type
representative:from

com
putationalaerodynam

ics
and

w
ind-tunnel

testdata
(engines,w

ing
and

tailarchitecture)

B
oth

m
ethods

require
validation

from
an

Expert(pilot)before
acceptance.

H
O

W
 C

A
N

 TH
E TYPE R

EPR
ESEN

TA
TIVE

EN
H

A
N

C
ED

 A
ER

O
D

YN
A

M
IC

 M
O

D
EL B

E O
B

TA
IN

ED
?

[Papers: AIAA 2005-5933, 2007-463, 2009-5828]

Enhanced A
erodynam

ic D
atabase involves

STA
TIC

& D
YN

A
M

IC
data at

high w
ing angles (“α”to 85°, “β”

±
45°) and

high angular rates (p, q, r)
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D
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IC
 w

ind tunnel data
account for

“dam
ping effects”

of angular rates (pitch, roll, yaw
)

on aerodynam
ic forces & m

om
ents.

They are obtained w
ith special w

ind tunnel tests
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C
ollection of D

ynam
ic

D
ata

Forced O
scillating

test
at different frequencies & am

plitudes
in a C

onventionalW
ind Tunnel

Paper: AIAA 2007-463

R
otary B

alance test
to predict stead spin dynam

ics
In a Vertical Spin Tunnel

Paper: AIAA 2007-463
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D
ynam

ic
w

ind
tunnel

data
are

then
B

LEN
D

ED
(differentm

ethods
available):

•
D

irectresolution
•

Kalviste
(and

its
variants)

Paper: AIAA 2007-463

STA
TIC

 &
 D

YN
A

M
IC

w
ind tunnel data are then

IN
TEG

R
A

TED
to provide the

enhanced aerodynam
ic data,

w
ith significant im

provem
ent

in sim
ulation fidelity,

com
pared to current sim

ulation 
m

odels based on extrapolated 
data

http://w
w

w.stallbox.com
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Sum
m

ary of data m
odification for enhanced aerodynam

ic m
odel

Paper: AIAA 2014-1003
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The
Instructordisplay

provides
the

instructorw
ith

quick
interpretation

ofpilot
response

in
upsetconditions.Inform

ation
provided

are
the

follow
ing:

V-n diagram
, α-β

diagram
, Pilotinputs, PFD

 repeater

U
PSET R

EC
O

VER
Y TR

A
IN

IN
G

 IN
 FFS

http://w
w

w.stallbox.com
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FLIG
H

T
SA

FETY,
training

provider
and

sim
ulator

m
anufacturer,

has
w

orked
w

ith
G

ulfstream
A

erospace
to

develop
the

enhanced
aerodynam

ic
database

for
the

U
PR

T
training

program
(G

550)

STA
LLB

O
X

is
a

com
m

ercial
hardw

are
that

can
be

easily
interfaced

to
flight

sim
ulators,

able
to

provide
the

required
database

forU
PR

T
training

http://w
w

w.stallbox.com

http://w
w

w
.gulfstream

.com
/aircraft/gulfstream

-g550


