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A. EVENT 
NTSB #: DCA02MA001 
Location: Belle Harbor, New York  
Date: November 12, 2001 
Time: 0916 Eastern Standard Time (EST) 
Aircraft: Airbus Industrie A300-600, registration:  N14053 

 
B. ATTENDEES 

FDR Group Chairman:  Cassandra Johnson, National Transportation Safety Board (NTSB) 
FDR Group Member:  Yves Le Biannic, Airbus Industrie1 
FDR Group Member:  Maurice Ingle, American Airlines (AAL) 
FDR Group Member:  Jérôme Bauer, Bureau d'Enquêtes et d'Analyses pour la Sécurité de 
   l'Aviation Civile (BEA) 
FDR Group Member:  TR Proven, Federal Aviation Administration (FAA) 
Aircraft Performance Group Chairman:   John O�Callaghan, NTSB 
Aircraft Performance Group Member:  Jim Wilson, Allied Pilots Association (APA) 

 
The above attendees convened at Airbus Industrie in Toulouse, France on the 4th and 5th 

of February 2002 and conducted the System Data Analog Converter (SDAC)2 bench test. 
 
C. PURPOSES 

I. TEST SERIES 1 TO 7 PURPOSE 
The main purpose of the SDAC bench test was to define the filtering function and the 

associated processing delay of the SDAC.  The SDAC applied a filter to the flight data 
recorder (FDR) flight control surface position parameters:  rudder position, aileron left 
position, aileron right position, elevator position, and horizontal stabilizer position.  The 
analog signals from the flight control surface position sensors are sent to the SDAC and 
processed into a filtered digital signal.  The SDAC sends the filtered digital signal to the 
Digital Flight Data Acquisition Unit (DFDAU), which in turn sends the filtered digital signal 
to the FDR for recording. 
 

                                                 
1 Airbus Industrie will be referred to as Airbus for the rest of the document. 
2 In other Airbus documents, the SDAC has also been referred to as the System Data Acquisition Concentrator. 
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Seven different test series, referred to as test series 1 to 7, were conducted to define the 
SDAC�s filter and associated delay.  For these tests, calibrated signals were generated and 
processed by the SDAC.  Both the input test data and SDAC output data were recorded for 
comparison.  Attachments I and II contain the SDAC bench test details. 

 
II. TEST SERIES 8, 9, AND 10 PURPOSE 

In addition to test series 1 to 7, the SDAC bench test attendees agreed to add test series 8, 
9, and 10.  The purpose of these tests were to define the DFDAU output values sent to the 
FDR when a position sensor�s wiring was compromised by disconnecting the sensor signal 
wires (X, Y, Z, and Reference) individually and collectively.  In particular, we wanted to 
understand what the FDR records when the SDAC sends a non-computed data (NCD) signal 
to the DFDAU.  In order to replicate the FDR system on the accident aircraft, the same type 
of DFDAU (part number 775110-21-006) and FDR (FA2100) aboard the accident aircraft 
were used for these tests. 

 
III. TEST SERIES 11 PURPOSE 

The purpose of test series 11 was to input data into the SDAC and then compare the 
SDAC output data to the calculated filtered output data.  The calculated filtered output data 
were computed by applying the filter defined by test series 1 to 7 to the input data.  The input 
data were Airbus�s first estimation of the accident aircraft�s flight control surface 
movements. 
 

E. SUMMARY 
I. TEST SERIES 1 TO 7 AND 11 SUMMARY 

Both the NTSB and Airbus analyzed the test results from test series 1 to 7 independently, 
and both reached the same conclusion that the SDAC applies a first order lag filter with a 
0.434 second time constant.  Test series 11 supports the conclusion that the SDAC�s filter is 
a first order lag filter with a 0.434 second time constant.  Attachment VI contains Airbus�s 
analysis and results.  Attachment III contains NTSB's plots of test series 1 to 7 and 11 where 
each plot contains the input calibrated data, the SDAC output data and the calculated SDAC 
output data3. 

 
II. TEST SERIES 8, 9 AND 10 SUMMARY 

Both the NTSB and Airbus analyzed test series 8, 9, and 10 independently and both 
concluded that the FDR recorded 3 different values4 with respect to disconnecting the wires 
individually and collectively.  The first value recorded by the FDR was approximately 44° 
when only the X signal wire was removed with 0°, 10°, and �10° synchro inputs.  The second 
value recorded by the FDR was approximately -46° when only the Y signal wire was 
removed with 0°, 10°, and �10° synchro inputs.  Lastly, the last value recorded by the FDR 
was 0° when all other combination of signal wires were removed with 0°, 10°, and �10° 
synchro inputs.  In the last scenario, the SDAC produced a NCD signal to the DFDAU.  

                                                 
3 The calculated SDAC output data was computed by applying the first order lag filter with a 0.434 second time 
constant applied to the SDAC input data.  NTSB refers to the calculated SDAC output as the �Filtered Input�. 
4 The absolute values were the same.  The following values are from NTSB. 
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These results can be seen in Attachment IV and V for NTSB's plots and Airbus�s table, 
respectively. 

 
F. ATTACHMENTS 

The following table describes the Attachments included in this report. 
 

Attachment Total 
Pages 

Description 

I 4 SDAC Bench Test Description. 
Airbus Document TN 761.0006/2002 

II 14 SDAC Bench Test Protocol Proposed. 
Airbus Document TN 517.0013/2002 

III 112 NTSB�s Plots of SDAC Bench Test Series 1 to 
7 and 11. 

IV 4 NTSB�s Plots of SDAC Bench Test Series 8, 9, 
and 10 (Removing Wires). 

V 216 Airbus�s SDAC Bench Test Report & Analysis. 
Airbus Document LD_0007/2002 

VI 27 Airbus�s Result from SDAC Bench Test. 
Airbus Document TN 506.0008/2002 

Table 1 
 

G. TABULAR DATA 
All of the input and SDAC output data were originally supplied by Airbus in tabular 

format (i.e., engineering units).  Airbus also supplied the FDR data for each test in both 
tabular format and in raw5 format. 

 
The provided tabular data for test series 1 to 7 and 11 include the input data and the 

SDAC output data.  This data includes multiple sets of data for each test because each test 
was run twice or three times so to prevent loss of data due to possible equipment failure.  The 
FDR data were not provided for test series 1 to 7 and 11 since the FDR data were not needed 
to define the filter. 

 
The provided tabular data for test series 8, 9, and 10 include the input data, the SDAC 

output data and the FDR data converted into engineering units by NTSB. 
 

All tabular data provided in this report are electronic files and only exist in the docket. 
 
 
 
 

Cassandra Johnson 
FDR Specialist, Mechanical Engineer 

                                                 
5 Refer to the Flight Data Recorder Group Chairman�s Solid State Flight Data Recorder Factual Report for more 
information on raw FDR. 
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Attachment I 
SDAC Bench Test Description 

Airbus Document TN 761.0006/2002 
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1. GENERAL DESCRIPTION 
The aim of this test installation is firstly to characterize the filtering function implemented in the SDAC 
on synchro surface position information, and secondly to determine the control surface deflection 
sequence which would have generated the same FDR recordings as experienced on A300-600 MSN 
420. 

The typical functional line on aircraft can be described as following : 

An angular position sensor transmits a synchro type signal that transits through the SDAC, where it is 
filtered and converted into ARINC 429 signal. Then the signal transits through the DFDAU, where it is 
filtered and converted into ARINC 717 signal, it is finally recorded by the FDR. 

- To characterize the filtering function and processing delay of the SDAC, it is necessary to generate 
calibrated signals and to record them at the input and the output of the SDAC.  

Then, the angular position sensors at the input of the SDAC, these have been replaced by computer 
driven analog boards to generate calibrated signals. And the input and the output of the SDAC are 
recorded by an autonomous recording mean which is a portable mini flight test installation.  

- To determine the control surface deflection sequence which would generate the same FDR 
recordings as those experienced in the case of the A300-600 MSN 420, the signals at the output of 
the DFDAU are recorded by the FDR of the installation. 

Note : The mini flight test installation is not capable of recording ARINC 717 signals. Therefore , the 
FDR data are processed in another site, with conventional means which are the same as those 
needed for FDR data analysis of current AIRBUS aircraft.  

2. BLOCK DIAGRAM 
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3. PERFORMANCE AND LIMITATIONS 

3.1. Synchro signal simulation 
Two types of synchro signal generation means are used with the following characteristics : 

A - Synchro signal simulation controlled by the computer of the integration simulator S01. 
The performance and limitations of this system are: 

- Only one synchro signal can be driven, 

- The refresh period of the control is 40ms, 

- The signal is linearly interpolated between two successive points, 

- The shape of the signal can be programmed, 

- Analog board precision of 0.1°, 

- The board is at about 15 meters from the SDAC. 

B - Synchro signal simulation controlled by a HP9000 station. The performance and 
limitations of this system are the following : 

- 7 synchro signals can be driven, 

- The refresh period of the control is 1ms, 

- The signal is a succession of values maintained during a defined time, 

- The shape of the signal can programmed, 

- Analog board precision of 0.1° 

In fact, both simulations means, A and B, are complementary. They have different advantages and 
drawbacks :  

System A : 

Pros :  

- the generated signals are continuous, 

- it is easier to program certain shape of signals, like a trapezium. 

Cons : 

- only one synchro signal simulation capability, 

- 40 msec refresh interval, cannot be modified 

System B : 

Pros :  

- up to seven different synchro signals can be simultaneously generated, 

- the refresh interval is very small : 1 msec. 

Cons :  

- the programming of certain shapes of simple signals like a trapezium takes as long as that of 
dynamic complex curves (point by point). 

- The signal is not continuous, it is composed of a series of small steps (1 or n msec apart) 

3.2. SDAC bay 
The Part Number and the Serial Number of the SDAC used are P/N 66501-005-1, S/N 1033. The 
inputs of the SDAC are generated by the bay which simulates all necessary aircraft signals. A 
connecting box is used to inject the simulated synchro signal into the SDAC. 
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3.3. DFDAU, FDR and CLOCK mobile bay 
A DFDAU, manufactured by TELEDYNE with 57 parameters transmitted at 64 words/second speed 
,similar to the one installed on aircraft, will be used for the tests. 

The clock has digital display. P/N : APE5100-1 S/N : 5. 

The FDR used is a SSFDR manufactured by L3com, (different of the one installed on the aircraft) P/N 
2100-4043-02 S/N 147496. 

3.4. Autonomous recording mean 
The recording mean which is used is a Flight Test Installation (called VAP) composed of an acquisition 
box, a recording set and a clock. 

The signals recorded on this VAP kit are the following :  

- rudder synchro (32 sps), 

- both aileron synchro, LH and RH (32 sps), 

- elevator synchro (32 sps), 

- One spare input 0/5VDC discrete type (32 sps), 

- The SDAC output bus (32 sps for each label), the transmit interval of the 
corresponding ARINC 429 words on the SDAC output bus is 125 msec (8sps), 

- GMT (FTI clock). 

The records are then processed by standard flight test tools. 

Note : sps : sample per second, 

SDAC : System Data Analog Converter, 

DFDAU : Digital Flight Data Acquisition Unit, 

FDR : Flight Data Recorder, 

FTI : Flight Test Installation. 

 

 

 



 
 
 
 
 
 
 

Attachment II 
SDAC Bench Test Protocol Proposed 
Airbus Document TN 517.0013/2002 
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1. PURPOSE OF THIS STUDY 

The flight control surface position signals which are recorded by the FDR are received from a 
SDAC computer. The SDAC (System Data Acquisition Concentrator) acquires the position 
sensors, then processes and filters them. The purpose of this note is to provide the proposed test 
protocol using a laboratory test installation in order to identify the SDAC behavior. 

An iterative process will then take place with successive simulations to find eventually the flight 
control surface position history from the data recorded by the DFDR, particularly during the flight 
control checks before departure, and during the last 10 seconds before the accident. 

 

2. SDAC IDENTIFICATION 

A test bench installation has been developed in the laboratory (see TN 761.0006/02) to simulate 
synchro signals of different shapes, then inject them in a real SDAC computer working in its 
nominal operation, and finally record its output signals thanks to real DFDAU/FDR units. In 
parallel, a laboratory/flight test  installation allows the fine recording of all input and output 
signals. 

The SDAC identification will be done by injecting several basic input signal described in Annex 1. 
These basic input signals are composed of steps, ramps, impulses and waves, which response 
are well known for a first order filter and more complex filters as well. This will allow to determine 
if the SDAC reacts as a pure first order filter or is the sum of several filters, this will be also 
possible to confirm the SDAC filter time constant. 

Several SDAC computers (say 3) will be tested to check tolerances on their output signals. 

 

3. FLIGHT CONTROL SURFACE POSITION HISTORY RECONSTITUTION 

 

3.1 INITIATION OF THE PROCESS 

The first part of this process aims at finding the first estimate of the flight control surface position 
signals which will be injected in the laboratory test installation to reconstitute the flight control 
position as explained in section 3.2. 

 

The data which are available for all this process are the DFDR position recording. The recorded 
information is coming from the DFDAU, which samples the data coming from the SDAC with a 
time stamp information. It has been assumed that the DFDAU does not introduce any signal 
distortion. On the other hand the SDAC, which collects the information of the primary control 
surface position, has a built in signal processing, which is a digital filter close to a first order filter 
with a 446 ms time constant. 
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Basically, to find the first estimate, the FDR recorded parameter signal is first smoothed by a 
cubic interpolation, then this signal goes through the inverted function of the SDAC filter (using its 
mathematical model) programmed in MATLAB. This results in a very noisy signal, which is 
processed through a low pass filter to obtain the estimate of the actual flight control surface 
position. 

Matlab program : 

 

 

 

 

3.1.1 Rudder 

The DFDR parameter value recordings in the last moments of the accident for the rudder position 
are the following : 
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Time 0 corresponds to 14h15 min 48 sec GMT on the DFDR. 

The first estimated rudder position is shown on the following curve : 

Time dr Time dr
0,000 0,255 6,000 0,431
0,500 0,519 6,500 5,001
1,000 0,519 7,000 -4,395
1,500 0,519 7,500 -8,613
2,000 0,519 8,000 -9,932
2,500 0,607 8,500 -10,195
3,000 0,519 9,000 -10,283
3,500 0,519 9,500 -2,637
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Figure 1- Estimated rudder position, status 0 
 

3.1.2 Ailerons 

Concerning the aileron position information, the data measured by the sensors follow the same 
signal flow as the rudder. So we can apply the same Matlab program to invert the aileron 
parameter signals given from the FDR recorded values. 

On the DFDR we have one sample per second for each aileron. As they are not sampled at the 
same time it is possible to elaborate a two samples per second information. This operation is not 
easy as the ailerons are not symmetric. Actually, when one aileron has a �15 degree deflection, 
the symmetrical aileron has a 12.5 degree deflection. To cope with this problem, the left aileron 
position information has been chosen, and the right aileron position information has been 
corrected to take the asymmetry into account. 

Then this elaborated aileron position information signal has been fed through the Matlab program 
to have the first actual aileron position estimation. 

The first estimate of the actual aileron position is shown on the following curve : 
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Figure 2- Estimated aileron position, status 0 
3.1.3 Elevators 

Once again the Matlbab program is used to invert the SDAC filter. It has been done with the 
DFDR recordings of the elevator position.  

The first estimate of the actual elevator position is shown on the following curve : 
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Figure 3 - Estimated elevator position, status 0 
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3.2 ITERATION TO RECONSTITUTE THE FLIGHT CONTROL POSITION HISTORY 

As the estimate of the control surface position (status n) will go through this laboratory test bench 
installation it will be possible to compare its signature on the laboratory DFDR with the DFDR 
signature  from AAL Flight 587. Then the differences will be analyzed in order to have a new set 
of data (status n+1) which will go through the test installation and hopefully have a closer 
signature.  

Typical example obtained for the rudder position, for the set of data corresponding to a given 
loop : 
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Figure 4 - Rudder position, status n result 
 

4. ANALYSIS OFTHE RESULTS 

The signals are recorded by different means : 

− Plots on S01 simulator 

− Mini flight test installation 

− DFDAU/FDR 

Refer to TN 761.0006/02, which describes the test installation in the laboratory, for further 
explanation. 

The results concerning the mini flight test installation and the FDR will be obtained after further 
processing in another site. These will be given in �Results Transmission Notes�, with the 
corresponding data analysis. 
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Each test will have a reference number : 

− For the SDAC identification, these numbers will be as requested by NTSB (see annex 1) 

− For the flight control surface position reconstitution, the reference numbers will be as 
follows: 

• RUDDER 0,1,2 etc 

• AILERON 0,1,2 etc 

• ELEVATOR 0,1,2 etc 
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ANNEX 1 
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Test Series 1: Step Inputs 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Test Number A (degrees) B (seconds) C (seconds) 

1.1 10 5 35 

1.2 -10 5 35 

1.3 20 5 35 

1.4 -20 5 35 

1.5 30 5 35 

1.6 -30 5 35 
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RUDDER
COMMAND

0.0

0.0

A

B C



Airbus Document TN 517.0013/2002 

Ce document est la propriété d�AIRBUS FRANCE : il ne peut être communiqué à des tiers et/ou reproduit sans autorisation préalable écrite d�AIRBUS FRANCE et son contenu ne peut 
être divulgué. © AIRBUS FRANCE 2002 
 
The content of this document is the property of AIRBUS FRANCE. It must not be used for any purpose other than that for which it is supplied nor may information contained in it be 
disclosed to unauthorised persons. It must not be reproduced in whole or in part without permission in writing from AIRBUS FRANCE. © AIRBUS FRANCE 2002. All rights reserved. 
 

Page 9 / 14 

 

Test Series 2: Ramp Inputs 

 

 

 

 

 

 

 

 

 

 

 

 

 

Test Number A (degrees) B (seconds) C (seconds) D (seconds) 

2.1 10 5 25 35 

2.2 10 5 15 25 

2.3 10 5 10 20 

2.4 10 5 7 17 

2.5 10 5 6 16 

2.6 10 5 5.5 16 

2.7 10 5 5.25 16 
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A
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Test Series 3: Double Ramp Inputs 

 

 

 

 

 

 

 

 

 

 

 

 

 

Test Number A (degrees) B (seconds) C (seconds) D (seconds) 

3.1 10 5 25 35 

3.2 10 5 15 25 

3.3 10 5 10 20 

3.4 10 5 7 17 

3.5 10 5 6 16 

3.6 10 5 5.5 16 

3.7 10 5 5.25 16 
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Test Series 4: Square Impulse Inputs 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Test Number A (degrees) B (seconds) C (seconds) D (seconds) 

4.1 10 5 25 35 

4.2 10 5 15 25 

4.3 10 5 10 20 

4.4 10 5 7 17 

4.5 10 5 6 16 

4.6 10 5 5.5 16 

4.7 10 5 5.25 16 
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Test Series 5: Saw Tooth Wave Inputs 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Test Number A (degrees) B (seconds) C (seconds) D (seconds) 

5.1 10 5 20 65 

5.2 10 5 10 35 

5.3 10 5 5 20 

5.4 10 5 2 17 

5.5 10 5 1 16 
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5.7 10 5 0.25 16 
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Test Series 6: Square Wave Inputs 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Test Number A (degrees) B (seconds) C (seconds) D (seconds) 
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Test Series 7: Sine Wave Inputs 

 

 

 

 

 

 

 

 

 

 

 

 

 

Test Number A (degrees) B (seconds) C (seconds) D (seconds) 

7.1 10 5 20 65 

7.2 10 5 10 35 

7.3 10 5 5 20 

7.4 10 5 2 17 

7.5 10 5 1 16 
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Attachment III 
NTSB’s Plots of SDAC Bench Test Series 1 to 7 and 11 

 
 
 

SDAC Bench Test Addendum III
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Attachment IV 
NTSB’s Plots of SDAC Bench Test Series 8, 9, and 10 

(Removing Wires) 
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Attachment V 
Airbus’s SDAC Bench Test Report & Analysis 

Airbus Document LD_0007/2002 
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Attachment VI 
Airbus’s Result from SDAC Bench Test 

Airbus Document TN 506.0008/2002 
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