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Introduction to descent operations:
FMS full managed mode

In Airbus A/C, the FMS provides a theoretical descent profile (TDP) based on a
Performance model (PDB) along the lateral path defined by a sequence of Waypoints
provided by the Navigation Database (NDB), taking into account ALT and SPD
constraints. This flight path is used for:

— Top of Descent (ToD) display FMS full managed mode (lateral,
— Altitude and speed predictions vertical & speed)

— Guidance during descent phase

The use of FMS full managed mode is
strongly recommended when ATC does not
use radar vectoring
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Introduction to descent operations:
TDP example without constraint (Idle Path)

A320 - LW = 38T - ISA - No wind

TDP computation uses:

- pilot entered wind and temperature

- Idle thrust (when no ALT cstr exist)

- Clean conf. (no A/B and late S/F extension

A/C is guided on the TDP
by FMS & FG logics

Dist (NM)
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Introduction to descent operations:
TDP example without constrains (ldle Path)

40000

Vertical Profile
35000 == == Total Energy = Ek + Ep

Mean descent slope = -3°

25000
. Deceleration requires
gentler slopes
& 20000
N

10000
Optimum Descent — the aircraft
5000 continuously dissipates energy Aircraft at MSL
TAS = 135kts
0
-130 -110 -90 -70 -50 -30 -10

Dist (NM)
Descent slope strongly depends on flying objective (hold constant speed or decelerate)
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Introduction to descent operations: CDO definition

« ICAQO Definition (CDO manual released in 2010):

“Continuous descent is an aircraft operating technique, enabled by airspace
design, Procedure/Profile and ATC facilitation, in which an arriving aircraft descends
continuously to the greatest possible extent, by employing minimum thrust, ideally
in a low drag configuration, prior to the final approach fix (FAF)”

12000 . . . .
'hm—r.._hn. Continuous Descent
E 8000 "~ e, ‘_{’ Approach ]
@ Y ., ILS Glide Slope
T gpop- Conventional e,
= “Step-Down” s
ﬁ agop- Approach
&0 =40 =30 =20

Distance to Runway (nm)

« Consequences on descent operations:

The best way to fulfill CDO objectives consists in using the FMS vertical profile computed
without ALT constraint (ALT constraints lead to adapted thrust or use of Airbrakes).
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Optimum Descent profile sensitivity

« Descent profile computation mainly depends on:
» Alircraft type & Engine type
» Landing weight
» Descent speed law
» Wind

 These parameters are taken into account by the FMS
before descent phase and will impact the ToD position

 Procedure design should allow the aircraft to adapt its
descent to the various flight conditions
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Optimum Descent profile sensitivity: Engine type

A320 - ISA - 38T - CFM vs IAE

40000

Vertical Profile - 58T - A320-1AE

Vertical Profile - 58T - A320 CFM

0
-130 -120 -110 -70 -60
Dist (NM)
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Optimum Descent profile sensitivity: weight effect

A320-214 -ISA - No wind - LW Effect

40000

Vertical Profile - 50T
Vertical Profile - 58T
Vertical Profile - 66T

0
-130 -120 -110 -70 -60
Dist (NM)
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Optimum Descent profile sensitivity: descent SPD

A320-214 -ISA - 38T - SPD Effect

40000

Vertical Profile - 58T - Low SPD
Vertical Profile - 58 - Medium SPD
Vertical Profile - 58T - High SPD

0
-130 -120 -110 -70 -60
Dist (NM)
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Optimum Descent profile sensitivity: wind effect

A320-214 -ISA - 58T - Wind Effect

40000

Vertical Profile - 58T - 30kts Tailwind
Vertical Profile - 58T
Vertical Profile - 58T - 30kts Headwind

0
-130 -120 -110 -100 -70 -60
Dist (NM)
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Recommendations for CDO procedure design

In the frame of SESAR project, the following recommendations to optimize CDO
have been identified:

> “Window” ALT constraints should be preferred compared to “AT” (AT constraints lead
to geometric path in adapted thrust)

» Altitude constraints should not impose a “too steep” flight path angle to the aircraft (a
too steep path requires the use of Airbrake) => refer to next slides

» The average local wind shall be considered (10kts of tailwind shall decrease the limit
slope by 0,1°)

> A gentle slope (between -1° to -1,5°) should be allowed for deceleration (e.g. before
glide slope interception) => refer to next slides

» The transition altitude should be preferably above FL100

»> Speed restrictions below 230kts and far from the FAF shall be avoided (they lead to
early S/F extension and early DECEL point)

» The noise level can be reduced by using a reduced SPD Limit (below 250kts)
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Recommendations for CDO procedure design: limit
slopes at constant CAS for the whole Airbus fleet

Example of the steepest slope allowing a constant CAS descent

A318-111-VB11
90% MLW - DISAQ® - No WIND - CAS cte

Speed limit [0;5000 f1] Speed limit [5000;10000 ft | (300 k) 15000 ft

Clean - Al on - no A/B

s (Gl2an - no Al - no AB

----- Clean - no Al - 1/2 A/B

===Cuonf 1-no Al- no AB

-6
Gamma ()
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Recommendations for CDO procedure design: limit
slopes allowing deceleration for the whole Airbus fleet

Example of the steepest slope allowing a deceleration rate of 4kts/10s

A320-214-VB12
90% MLW - DISAO® - No WIND --4 kt/ 10 s
Speed limit [0;5000 ft] Speed limit [5000;10000 ft ] (300 kt) 15000 ft
i}
-1
-2
44 tessesssececcssscccens
-4
Clean - Al on - no A/B
s Clean - no Al - no AB
BT ] e Clean - no Al - 1/2 A/B
===Conf 1-no Al- no A/B
5
Gamma (7
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Operational issues with steep slopes: pilots need a
minimum deceleration rate of 4kts/10s

On Primary Flight Display, a speed trend is
displayed for deceleration indication to the crew

Speed trend for deceleration rate = 2 Kts/10s
Speed trend for deceleration rate = 4 Kts/10s

When deceleration rate becomes lower than 2
Kts/10s, no arrow is displayed anymore
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Recommendations for CDO procedure design: Descent
capability of Airbus fleet (constant CAS)

SA & LR Results Overview - Slopes for constant CAS
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PW [0;5000ft]

| mIAE [0;5000f

| mRR [0;5000ft]

| mGE [0:5000ft]
 #CFM [5000;10000ft]
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Recommendations for CDO procedure design: Descent

FPA (°)
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capability of Airbus fleet (deceleration)

SA & LR Results Overview - Slopes for deceleration (-4kts/10s)
90% Max Landing Weight - ISA - No WIND

mCFM [0;5000f(]
PW [0:5000f(]
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| #IAE [5000;10000f]
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Fuel burn impact due to AT constraints

A320-214 - Impact of AT Constraints
40000

Vertical Profile - without constraint
35000

Vertical Profile - with AT cstr at TONM

Vertical Profile - with AT cstr at 20NM

\/
N
| IR
\ Al A \_\\
21kg of additional fuel burn

compared to optimum descent N
(at iso distance)

10000 W

4Kkg of add 11E el b 0 pared \
D OD gdesce 3 D O 3 <
5000 ™

-130 -120 -110 -100 -90 -80 -70 -60 -50 -40 -30 -20 -10 0
Dist (NM)
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Conclusion

* An efficient descent (regarding fuel & noise) consists in flying at
Idle thrust, in low drag configuration - The FMS idle path (TDP
without ALT constraint) meets this objective

« Approach procedures should allow (as far as possible) aircraft to fly
appropriate slopes along the whole descent:

Appropriate slopes for EPA R A330 A340

A321
constant CAS above FL100 -3,2° -2,9° -2,6°
constant CAS below FL100 -2,5° -2,3° -2,2°
deceleration before final approach below 5000ft -1,5° -1,2° -1,2°
deceleration before final approach above 5000ft -1,3° -1° -0,9°
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Thank You
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Back-up slide: What if the T/D is anticipated (on A320)

A320-214 - LW ='?T -ISA - No wind

40000

e Optimum Descent
e Early Descent

28kg of additional fuel burn due to
anticipation of optimum T/D by 10NM

-60
Dist (NM)
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Back-up slide: What if the T/D is delayed (on A320) ?

A320-214 - LW = 58T - ISA - No wind
The level off at FL350 costs 50kg
H,-\ e Optimum Descent

35000 N
\ e |_ate Descent
30000 'k \\ Airbrakes are used to
\\ \\_( return to optimum profile
5000 . The descent segment \
at Idle thrust without \
- Airbrakes costs 8kg \
£ 20000 N
5y \\5
15000 \
10000 - iy ~—
42kg of additional fuel burn due to
delay of optimum T/D by 10NM

5000 N

40000

-120 -100 -80 -60 -40 -20 0

© AIRBUS S.A.S. All rights reserved. Advanced ATM Symposium and Workshops,

Confidential and proprietary document. 4 - 6 Nov 2013, Montréal, Canada



