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 DLR 
o Institute of Flight Systems 
o Flight Experiments 
o Technology Marketing 

 
 Gemeinnützige Umwelthaus GmbH 

 
 Frankfurt Airport 

 
 Deutsche Flugsicherung GmbH 

 
 Airline Pilots from  

o Condor 
o Germanwings 
o Lufthansa 
o Niki 

 
 

Partners 
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Sequences for a Low Drag Low Power Approach 
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• decrease of altitude (potential energy) and airspeed (kinetic energy) until touchdown  
• successive configuration changes for aircraft landing 

• high lift flap settings (approach config. „1“ & „2“, landing config. „3“ & „4“) 
• gear extension  

• intermediate approach altitude for deceleration (min. 3000 ft above RWY threshold) 
• stabilization height (typically 1000 ft above RWY threshold) 
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Focus on LDLP approach procedure.
The main job of the approach procedure is to reduce the total energy of an approaching aircraft for a safe landing.
In principle it can be said, that the aircraft will decrease its altitude and reduce its airspeed. 
Consequently the aircraft has to perform successive configuration changes.
Finally, at the stabilization height (which typically is 1000ft above the threshold) the aircraft has to be in landing configuration and flying with landing speed in stable conditions.



Problem Discovered from Simulator Studies 
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Test in an A330 simulator  fully controlled environment (always same conditions) 
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Results of our approach procedure simulator study:
The simulator runs were performed on an A330 simulator, using always the same environmental conditions
Diagrams:
	IAS [kts]
	altitude [ft]
	N1 [RPM]
	Flap Lever Pos. [deg]
versus distance to threshold.
Pilots did an excellent job considering glide slope tracking.
Large scattering for the Thrust setting.
The configuration changes in terms of high lift flaps settings were initiated at very different distances from threshold (e.g. config. 3 between 12 and 5 nautical miles).
Point of time of initiation of airspeed reduction also shows large variations.

High Thrust levels mean noise, early flap extension means noise.
For comparison: The green curve represents the optimized power level setting for an approach with minimum thrust. All blue curves above the green one mean unnecessary noise.
Without any assistance it is very, very difficult for a pilot to perform an approach with minimum thrust settings (idle thrust), since it has to be known exactly when deceleration of A/C and the corresponding configuration changes have to be initiated.



 recommendations for pilot actions for more precise configuration changes of 
aircraft along flight path based on the A/C’s energy status 

 
 providing action instructions for 

o speed settings 
o high lift system configuration 
o gear extension 
o speed brake deflections (if unavoidable!) 
o thrust increase (if unavoidable!) 

 
 continuous update of recommendations considering 

o ATC instructions 
o imprecise pilot actions (too late or too early actions) 
o actual wind changes 

 
 Intuitive display of information using EFB 

 
 

System Concept 
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DLR has developed such system providing all relevant instruction information for pilot actions presented on an intuitive display.



System Overview 
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Sketch of system principle:
The system uses the available flight management information and considers the wind information available onboard the A/C. 
Before the approach phase begins, the pilot (pilot non-flying) only has to enter manually the airport ground wind (wind speed and direction) via the touch display. 
The system will continuously read and consider the actual wind measured onboard the A/C.
If ATC gives any restrictions like (examples) “reduce speed to 190kts” or “maintain speed until 5nm before threshold”, the pilot non-flying has to enter this information very easily via the touch display.
The system will continuously adapt the action instructions according to the changing constraints and display the information to the pilot.




Flight Test Preparation  
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Display Integration into EFB of ATRA (L & R of cockpit) 
• Implementation of the complete Software as App  
• Development of an efficient menu navigation for the 

required pilot inputs 
• Extension of the system enabling its use in an operational 

environment 
AVES Flight Simulator trials with test and airline pilots 

• System/display adaptations  
• Pilot familiarization for flight trials 

Certification for flight testing / Permit to Fly 
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For the flight tests the system needed to be implemented into both EFBs (Electronic Flight Bag of the captain and of the 1st officer) of A320-ATRA.
The complete software is arranged and coded as an App running only on the EFB Laptops no additional computer is needed.
The design of the system was done by using a moving cockpit simulator with the help and the feeback of test and airline pilots.
The simulator was also used for airline pilot familiarization and flight test preparation.
Certification aspects had to be handled before system integration onboard ATRA aircraft.
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Display how it is presented by the EFB:
Here, the black fields with white letter are the buttons to operate the display via the touch screen. 
Nominal vertical profile of the flight path is indicated.
The yellow triangle is the A/C symbol (arriving typically with 250kts at 8000ft).
ToD is Top of Decent calculated by the system for an ideal approach. 
At the intermediate approach altitude the aircraft will be decelerated. 
The A/C kinetic excess energy is indicated by the blue triangles. 
If the pilot follows accurately the recommendations of the system the A/C can fly down from the ToD down to stabilization height with idle thrust and without any speed brake operation. 
The pilot can be sure that the A/C will meet the requirements for stable flight in Landing configuration at the stabilization height. 
The pilot can observe the aircraft’s situation at the stabilization height at the display from the very early beginning of the approach.



flight tests funded by “Gemeinnützige Umwelthaus GmbH” 
       “Non-Profit Environmental Organization Ltd” 
 

Goals 
 demonstration und testing in an operational environment  

(real traffic scenario and ATC instructions) 
 

 airport with heavy traffic 
 

 flights performed by airline pilots  
 

 ground noise measurements and evaluation 
 

 pilot assessments 
 

 conclusions for further development/adaptation/extension of the system 
towards application for daily flight operations 
 

Flight Tests at International Airport in Frankfurt 
26-28th September 2016 
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Goals of the flight tests.




 5 flight test series in 3 days 
 17 pilots from 4 Airlines 
 over all 25 flight hours 
 74 approaches  

o w/o display 
o with display 

 
 

Experiment Scenario 
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 RWY north (25R/07L, GP 3°/3.2°)   Ground tracks of 3. flight test series  
 

Collected data  
 Cockpit data (ATRA FTI recordings) 
 Noise measurements on ground 
 Pilot questionnaires  

 

 
 

(27.09.2016 EDDF 25R  
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Experiment scenario



First Results 
Wind Profiles During Experiments 
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Wind profiles



Flight paths 25R 
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First Results 
High Lift System Configuration: Flaps 1   
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First Results 
High Lift System Configuration: Flaps 2   
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First Results 
High Lift System Configuration: Flaps 3  
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First Results 
High Lift System Configuration: Flaps Full  
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First Results 
“Gear Down all green” Positions 
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First Results 
Noise Reduction   

-1 to -2 dB(A) -0.5 to -1.5 dB(A) ~0 dB(A) 
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First Results 
Fuel Savings  
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Summary 
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• Noise reduction confirmed  
• Fuel savings demonstrated 
• Pilots responses  

− in general very positive 
− intuitive and simple graphical representation, level 

of automation is appropriate 
− very relevant for use under real operations 
− good assistance in difficult situations                   

(tailwind, ATC speed ) 
− early prediction of A/C conditions at stabilization 

height is very helpful 
• Further improvement of the system intended 

A. Boos:  
Press visit onboard ATRA after flight tests in Frankfurt 
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Outlook 
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• Further evaluation of collected data 
 

• Adaptation of the system enabling its use in regular and daily 
operations 
 

• Operation in regular flights with partner airlines and over a one year 
period airports  

 
• Extension of the system for departure  
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Outlook



Thanks for your attention ! 
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Questions ? 
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