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NOTICE

This report sets out the technical conclusions
reached by the Commission of Investigation concerning
the circumstances and causes of this accident.

In accordance with 2Annex 13 of the Convention
relating to international civil aviation, the analysis
and safety recommendations drawn up in this report do
not aim to apportion blame or to assess individual or
collective responsibility. Their sole objective is to
derive from this occurrence the lessons necessary to
prevent future accidents.

With this in mind, and because doubt must be of
ultimate benefit to safety, some of the
recommendations proposed concern points which it has
so far not been possible to validate categorically or
which occasionally have no direct relationship to the
causes of the accident.

Moreover, the analysis and recommendations have
been drawn up following exhaustive investigation and
are therefore based on an experience and understanding
of events which may differ substantially from those
prevailing at the precise time of the accident.

Finally, although the people and organisations
whose opinions were deemed to be relevant were invited
to present their observations at the appropriate time,
the Investigation was not conducted in an adversarial
manner.

As a consequence, the use of this report for any
purposes other than for the prevention of accidents
could lead to erroneous interpretations.



- SYNOPSIS -

Date of the accident Aircraft:

Monday 20 January 1992 ATRBUS A320

at 18.20 UTC (*) Registration F-GGED
Site of accident Owner:

Place known as "La Bloss" DIA A.I. France LTD

Barr Commune (Bas-Rhin) 7-2, YAESU 2-CHOME,
CHUO-KU

(near Mont Sainte-0dile) TOKYO 104 JAPAN

Type of flight Operator

Scheduled flight The company AIR INTER

Public transport (passengers)
Persons on board

2 Flight crew
4 Cabin crew
90 passengers

Summary

During a VORTAC approach, carried out at
night and in IMC conditions towards runway 05 at
Strasbourg-Entzheim, the aircraft crashed into the
mountain known as "La Bloss" during its descent
towards the runway, at an altitude of approximately
800 metres and a distance of approximately 10.5
nautical miles from the runway threshold.

Consequences
Injuries Equipment Cargo Third
party
Fatal Serious Slight
Crew 5 1 100% 100% Approx.
1
destroyed destroyed hectare
of forest
Passengers 82 4 4

destroyed

(*) Times referred to in this report are expressed in Universal
Time Co-ordinated (UTC). One hour should be added to give French
time on the day of the accident.



ORGANISATION OF WORK

1 - COMPOSITION OF THE COMMISSION OF INVESTIGATION

By Arrétés (Orders) dated 21 and 27 January
1992, the Ministry of Transport and Tourism
established a Commission of Investigation to
investigate the circumstances, research the causes and
determine the lessons to be drawn from the accident of
an aircraft of the type Airbus A320 operated by the
company Air Inter which occurred on 20 January 1992
within the territory of the Barr Commune (Bas-Rhin).

The Commission comprised the following members:

M. Alain Monnier, ingénieur général de 1l'aviation
civile, Chairman

M. Paul Arslanian, Head, Bureau Enquétes-Accidents,
Vice Chairman

M. Pierre Bernard, technical investigator, Bureau
Enquétes-Accidents

M. Jean-Louis Chatelain, airline pilot, captain

M. Philippe Gourguechon, Pilot Inspector, Organisme du
Contrble en Vol (Flight Inspection Organisation)

M. Michel Guillaume, conseiller d'Etat
Colonel Guy Lagrange, Chief of Staff of the Direction
de la circulation aérienne militaire (Military Air

Traffic Directorate)

M. Dominique Marbouty, ingénieur général de la
météorologie

Professor Henri Marotte, médecin-chef, centre d'essais
en vol (Flight Test Centre)

M. Jean Pariés, Deputy, Bureau Enquétes-Accidents

M. Frédéric Rico, Deputy, navigation aérienne (Air
Navigation Department)

M. Alain Tert, Deputy for Technical Affairs, centre
d'essais en vol (Flight Test Centre)

Monsieur Jean Pariés, a member of the Commission,
acted as Investigator-In-Charge.



In order to apply the provisions of Annex 13 of the
convention relating to international civil aviation,
Mr. Robert M. MacIntosh, accredited United States
representative in the capacity of State manufacturer
(engines) , was made an official party to the
proceedings of the Commission of Investigation.

2 - METHOD OF WORK

From its first meeting held on 27 January 1992
until the submission of its preliminary report on 20
February 1992, the Commission of Investigation worked
collectively with a view to undertaking preliminary
investigations and to finalising the terms of the
first three safety recommendations presented to the
Minister along with the preliminary ©report and
reiterated by the Commission in its final report
(three meetings were held on 27 January, 10 February
and 17 February 1992).

The Commission of Investigation then created ten
working groups made up of experts from Government,
manufacturers, the Operator and interested trade
unions, whose task was to prepare the material
contained in Chapter 1 of this report entitled
"Factual Information" and, following this, to carry
out the investigations required primarily to set up
the accident scenario.

The working groups, whose spokesmen were members of
the Commission or of the Bureau Enquétes-Accidents,
conducted their investigations in the following areas:

Crew . Conduct of the flight

4D Flight path analysis . Survivability

Propulsion systems . Airport information and
details of approach
procedures

Aircraft systems and . The Operator and the

frame Civil Aviation Authority
(DGAC)

Navigation and flight . Recording equipment

control systems



These groups operated within the framework of a
written mandate given to them by the chairman of the
Commission of Investigation. They were required to
respect an undertaking to maintain strict
confidentiality, which each of their members had
agreed to sign.

The activities of a number of these groups
(navigation and flight control systems, conduct of the
flight) were particularly time-consuming in view of
the strict and exhaustive methods adopted by the
Commission with respect to all the possible causes of
this accident, the number of incidents which were
reported after the event and which it was necessary to
investigate, and the difficulty of tests and
simulations which it was necessary to undertake in an
attempt to reconstruct the accident scenario. The work
of the final two of these groups ended at the
beginning of 1993.

As the work progressed, the Commission used the
results to prepare Chapter 1 "Factual Information" and
the first part of Chapter II "Analysis of the Accident
Scenario" (six meetings were held on 30 March, 18 May,
30 July, 8 October, 23 November 1992 and 14 January
1993). The Commission then worked on the analysis
presented in Chapter II of the report and prepared
Chapter III - Conclusion - and IV - Recommendations -
(five meetings were held on 10 February, 17 March, 8
April, 13 May and 3 July 1993).

In accordance with the provisions of Article 6
of the Ministry of Transport Arrété (Order) of 3
November 1972 concerning Commissions of Investigation
into accidents and incidents affecting civil aircraft,
the Commission's draft report was circulated on 23
June 1993 to interested companies and authority
bodies, as well as trade union organisations
representing the flight crew. The following parties
were consulted:

Civil Aviation Authority (DGAC)

Air Force Headquarters

Direction de 1la sécurité civile (and the
Préfet of Bas-Rhin)

Mr. Robert MacIntosh (NTSB)

Air Inter

Groupe Air France

Airbus Industrie

SNECMA (CFM International)

Syndicat national des pilotes de ligne (SNPL)
Union syndicale du personnel navigant
technique (USPNT)

Syndicat des pilotes d'Air Inter (SPIT)



Syndicat mnational du personnel navigant de
l'aéronautique civile (SNPNAC)

Syndicat national du personnel navigant
commercial (SNPNC)

All the parties consulted replied. The final
response was dated 24 September 1993.

The Commission used these responses largely in
the context of reports prepared by study groups chosen
from among its number. The reports focussed on the
following topics  which summarised the comments
received:

- professional competence of the crew

- performance data and regulation history of the
GPWS

- certification of the Autopilot

- ergonomics of the A320 flight deck

- ergonomics certification procedures

- internal relations among the crew

- search and rescue services

- analysis of alternative scenarios

- data specific to Air Inter

- arrangement of supervision

- the feed-back loop

- air traffic and radar guidance procedures

The Commission's discussions with regard to the
responses received in the framework of this
consultation procedure gave rise to three working
meetings which took place on 9 September, 24 September
and 13 October 1993. The final version of the report
was agreed by the Commission at a two-day session held
on 9 and 10 November 1993. Following a further reading
and final corrections, this report was approved
unanimously and signed by each of the members of the
Commission on 26 November 1993.



SECTION 1

FACTUAL INFORMATION




CHAPTER 1.1. - FLIGHT PROGRESS

On 20 January 1992, an Airbus A320 registered
F-GGED and operated by the company Air Inter, made the
scheduled connection by night between Lyon-Satolas and
Strasbourg-Entzheim using the call sign ITF 148 DA.
The aircraft took off from Lyon at approx. 17.20 hours
with 90 passengers, 2 flight crew members and 4 cabin
crew members on board.

No problems were reported by the crew during the
course of the flight. The runway in operation at
Strasbourg-Entzheim was 05. After 1listening to the
ATIS announcements, the crew planned to carry out an
ILS approach procedure for runway 23, followed by
visual manoeuvres for a landing on runway 05.

Before transferring the aircraft to Strasbourg
Approach Control, the Centre Régional de la Navigation
Aérienne (CRNA) Est (Eastern Regional Air Navigation
Centre) in Reims cleared it to descend to Flight Level
70 near the ANDLO way point (see Appendix 6).

At 18.09 hours contact was established with
Strasbourg Approach Control. While the aircraft was
crossing Flight Level 150 in descent its distance to
STR VOR was around 22 nautical miles. Strasbourg
Control cleared it to continue its descent to an
altitude of 5,000 feet OQNH, then, after announcing
that it had passed ANDLO, cleared it to a VOR-DME
approach to runway 05.

However, the altitude and speed of the aircraft
were such that the direct approach procedure could no
longer be carried out and the crew informed Control of
their intention to carry out an ILS Rwy 23 approach
procedure followed by wvisual manoeuvres for runway O05.
Control warned them that this choice would mean a
delay, as three aircraft were in the process of taking
off from runway 05, using an IFR flight plan. The crew
then modified their strategy and advised Control that
they would carry out a complete VOR-DME procedure for
runway 05.

Control then suggested radar guidance to bring
them back to ANDLO, thus curtailing the approach
procedure. The aircraft was a few seconds away from
STR VOR. The crew
accepted and carried out the manoeuvres prescribed by
the
controller: 1left turn towards heading 230 for an
outbound track parallel to the approach axis, then a
reciprocal turn towards the ANDLO point.

At 18.19 hours the Controller informed the crew



that the aircraft was abeam the ANDLO way point and
cleared them to final approach. The aircraft then
commenced its descent, approximately at the distance
allowed for the approach procedure, i.e. 11 nautical
miles from STR VOR. Thirty seconds 1later the
Controller requested the crew to call back passing
STR. The crew acknowledged. This was the last contact
with the aircraft.

The wreckage was discovered at 22.35 hours, on a
slope of Mont "La Bloss" at a topographical level
close to 800 metres (2,620 feet), at a distance
approximately 0.8 nautical miles (1,500 m) to the left
of the approach path and 10.5 nautical miles (19.5 km)
from the runway threshold.

CHAPTER 1.2 - KILLED AND INJURED

Injuries Crew Passengers
Fatal 5 82
Serious 1 4
Slight 4

CHAPTER 1.3 - ATRCRAFT DAMAGE

The aircraft was completely destroyed.

CHAPTER 1.4 - OTHER DAMAGE

The cargo was completely destroyed.
Approximately one hectare of forest was destroyed.



CHAPTER 1.5 - PERSONNEL INFORMATION

Preliminary note:

The Arrété (Order) of 5 November 1987 defines
the crew as the total number of persons on board
employed in the service of the aircraft while in
flight, i.e. the flight crew and on-board service
personnel.

However, with a view to simplifying the text,
the Commission has, except where otherwise stated,
used the term "crew" in this report in the reduced
sense of flight crew.

15.1 - Flight crew

In accordance with the rules governing the
operation of the aircraft, the flight crew comprised
two pilots, one a captain, the other a co-pilot. On
the flight which led to the accident, the flying pilot
(PF) was the captain and the co-pilot carried out the
duties for which the non-flying pilot (PNF) was
responsible.

Note: the concepts of PF and PNF refer to a principle
of allocation of duties which is standard practice in
airline companies. The PF is responsible for steering
the correct flight path and for navigation, the PNF
performs configuration changes and manages
telecommunications.

15.11 - Captain

Male, aged 42.
Employed by Air Inter since 7 July 1979.

15.111 - Certificates and licences

- Professional Pilot (PP) certificate and 1licence
N° 5009 of 21 September 1973

- Professional Pilot First Class (PPl) certificate
and licence N° 3261 of 3 January 1977

- Adrline Pilot certificate N° 2967 of 19 June 1985,
corresponding licence valid until 30 June 1992.

Last medical examination taken on 10 September 1991 at
the centre principal d'expertise médicale du personnel
navigant (CPEMPN) (Principal Medical Assessment Centre
for Flight Personnel) in Paris. A study of his medical
records brought to light no factors likely to have had
any bearing on the accident.



15.112 - Ratings

- Instrument Rating (IR) of 26 October 1973
- International Radiotelephony Rating (QRI) of
24 March 1976
- Type Ratings: F27 in September 1979; SE212 in March
1983; A300 in August 1987; A320 on 9 September
1991.

15.113 - Experience

Number of flying hours (time of the flight
leading to the accident not included) :

total number of hours: 8,806, of which 162
were
on the A320;
- in the last 90 days: 112, all on the A320;
- in the last 30 days: 38, all on the A320;
- in the last 24 hours: 3h 30 mins, all on the
A320;

Experience of the Lyon-Strasbourg route and the
airport:

Practical experience of the Air Inter network on
Fokker F27s and Caravelles, coupled with flights made
on A320s, had given this pilot many opportunities to
use Strasbourg airport and fly the Lyon-Strasbourg
route.

As far as his specific experience on A320s 1is
concerned, the Commission examined an occurrence which
this pilot had reported 1in December 1991. On

4 December 1991, during a 1level interception in
descent, the A320 F-GHQJ which he was flying was in
IDLE/OPEN DESCENT MODE, in the interception phase for
the altitude selected. From being nominal at first,
vertical speed increased to -5,000 ft/min. The pilot
then decided to flatten out the descent, overriding
the Autopilot, in order to stabilise the aircraft at
the permitted altitude. The investigation conducted by
the company and the manufacturer offered no
explanation for this occurrence. Two hypotheses were
offered, based on the influence of windshear, or on
the pilot's action in operating the airbrakes.

15.114 - Flying career

Following his PP/IR training, with around 450
hours flying time, he began his career as a
professional pilot on 1light single-engined and twin-
engined aircraft in Africa, and acquired experience in
this particular environment.



He took his PPl course from August 1976 to
January 1977.

In view of his inexperience in working as a crew
member and his limited flying experience under IFR
conditions associated with his work in Africa on
single-engined and twin-engined aircraft, the pilot,
on his own initiative, took a preparatory course for
the ©PP1l. Despite this precaution, during the PP1
course he had to undertake additional training. He
nevertheless failed in his first attempt to pass the
PP1. After a further 5 hours training he obtained his
PP1 at the second attempt.

After obtaining his PP1 certificate, this pilot
continued to fly in Africa without being able to apply
the training he had received in working as a crew
member. He returned from Africa in January 1978 and
joined Air Inter in June 1979. He was allowed to fly
on Fokker F27s in October 1979. He began training on
Caravelle SE212s in March  1983. His level of
competence was considered satisfactory and his work to
be of a good standard during this period of training.

His airline pilot training began in September
1984. After a few early difficulties followed by
significant progress he passed the examination at his
first attempt.

He continued his career as a co-pilot on A300s
from July 1987 wuntil he was raised to the rank of
captain.

In 1988 he underwent a very satisfactory
training course to become a captain and was allowed to
fly as a line captain on SE212s on 9 May 1988.

Following an A320 Type Rating course during
which he was assessed to be above the required
standard, he became a captain on this aircraft on 8
October 1991.

On 20 December 1989 he received a disciplinary
sanction (suspended) for landing in error on a closed
runway at Toulouse airport. The record of the case
takes
into account several extenuating circumstances. This
penalty was the only one in a career lasting
approximately 19 years.

It is worth noting that during his flying career
this pilot needed an amount of training which was
often greater than that scheduled in training
programmes. Experience acquired in Africa and the
limited amount of structured tuition received during
his initial training period explain the necessity for



certain additional training to bring him up to the
required level.

Nevertheless, from the time he obtained his
Airline Pilot's Certificate, this pilot consolidated
his position and, in the framework of a structured
company, his application and professional qualities
overcame the gaps in his initial training. He
assimilated, 1late in his professional career, but
effectively and with confidence, the various working
practices required by flight crews in the area of
public transport.

Evidence from his colleagues and his
instructors, together with the notes appearing in his
professional record, show that the captain was a
dedicated professional. They demonstrate that he was a
reserved, calm, cautious man who was reluctant to
undertake a task before he fully understood what was
involved. This careful, cautious, sometimes even
perfectionist side to his nature, allied to a certain
slowness, would lead him to pay deliberate attention
to last-minute changes in flight preparation, an area
where he may possibly have felt more vulnerable.

15.115 - Conditions of work

His conditions of work during the month
preceding the accident were in accordance with
existing regulations.

15.12 - Co-pilot

Male, aged 37.
Employed by Air Inter since 9 March 1990.

15.121 - Certificates and licences

- Professional Pilot (PP) certificate and licence N°
8104 of 1 October 1979
- Professional Pilot First Class (PP1l) certificate and
licence n° 4592 of 28 July 1987, corresponding
licence
valid until 30 September 1992.

Last medical examination taken on 25 September 1991 at
the centre d'expertise médicale du personnel navigant
(CEMPN) (Medical Assessment Centre for Flight
Personnel) in Marseille.

15.122 - Ratings

- Private Pilot (Aircraft) Instructor Rating (ITT)
of 21 May 1981
- International Radiotelephony Rating (QRI) of 10
September 1980
- Instrument Rating (IR) of 15 September 1980



- Type Ratings: DA0l, 7 June 1990; A320, 30 November
1991.

15.123 - Experience

Number of flying hours (time of the flight leading to
the accident not included) :

total number of hours: 3,615, of which 61
hours were on A320s;

- in the last 90 days: 61 hours, all on A320s;

- in the last 30 days: 40 hours, all on A320s;

- in the last 24 hours: 1 hour on the A320;

Experience of the Lyon-Strasbourg route and the
airport:

Practical experience of the Air Inter network on
Mercure aircraft, coupled with flights made on A320s,
had given this pilot many opportunities to wuse
Strasbourg airport and fly the Lyon-Strasbourg route.

15.124 - Flying career

The co-pilot was an ardent air enthusiast who began
flying at the age of 17 and obtained his Private
Pilot's Certificate in February 1974 aged 19. That
same year he began a career as a teacher which he was
to abandon 12 years later, in 1986. During this entire
period he devoted most of his spare time and resources
to flying.

He obtained his Professional Pilot's Certificate in
1979 and at that time had built up a total of
approximately 300 hours flying time. The following
year, he obtained the Instrument Rating after taking a
course during the school holidays and, the year after
that, obtained the Private Pilot (Aircraft) Instructor
Rating. This allowed him to act as a voluntary
instructor and acquire 800 hours flying time.

In January 1986 he left his teaching post and was
engaged as chief pilot of his flying club. He twice
failed the PPl assessment test. These failures were
linked to his

extremely limited experience of flying under IFR
conditions between the acquisition of his IR and the
time he took these assessment tests. Following
considerable private study and practice, which
probably required a major effort 1in view of his
limited previous experience (essentially wvisual flight
on single-engined aircraft), he passed this
assessment. He obtained his PPl at the first attempt.

In November 1987 he was engaged by a charter company
as an F27 co-pilot and was promoted to captaincy in



June 1988. He joined Air Inter on 8 March 1990. After
taking a Type Rating course on Mercure aircraft he was
rated on 7 June 1990 and confirmed in his post on 6
December 1990 following three satisfactory checks. He
began an A320 Rating course in October 1991,
encountering no particular difficulties. He was
cleared for 1line operations on 26 December 1991.

It is worth noting that this pilot experienced no
failures from the point in his career when structured
training courses enabled him to profit from his
capacity for work. At the beginning of his career he
was criticised for being too "academic". This can be
explained by the fact that his professional and IFR
experience was practically non-existent until he
obtained his PP1l. Once he became established in a
structured environment he proved to be an average
pilot, with no exceptional abilities or marked
shortcomings.

The evidence of his colleagues and his instructors,
together with the comments appearing in his
professional record, show that the co-pilot was a
rather expansive individual, at ease in relationships
and well-versed in assessing the abilities of others
(resulting from his previous professional experience).
He was a good professional, at home in the environment
in which he found himself, well adjusted, probably
proud of the fact that he had successfully reverted to
a flying career. A hard worker, he was relatively
confident of his abilities and capable of recognising
his shortcomings, being wary of them and compensating
for them when required. The evidence of people who had
known him since his arrival at Air Inter demonstrates
that he was Dbecoming increasingly content in his
career as a pilot.

He was a rounded personality, but a man who in certain
circumstances could seem a little condescending
towards people he felt were slower to understand than
himself.

15.125 - Conditions of work
His conditions of work during the month prior to the
accident, including the last 48 hours when he had been
on leave, were 1n accordance with the regulations

currently in force.

15.13 - Maintenance and checks of competence

In 1990 and 1991 the periodic training and checks
which the two pilots were required to undergo were
carried out at the correct intervals in accordance
with regulations. They resulted in favourable



valuations of their level of professional competence:
there were no particular grounds on which they were
criticised or called into question.

15.14 - Analysis of A320 Crew Ratings

Note: a more detailed description of the Type Rating
programmes can be found in para. 17.23.

The A320 Type Rating course followed by the two pilots
was preceded by the course entitled "New Aircraft", a
course providing information on new technologies used
on modern aircraft.

This Type Rating course was consistent with the
programme approved by the DGAC. In particular, two
conventional approaches were carried out wusing a
simulator. The course led to a satisfactory valuation
of the overall competence of the two pilots.
Nevertheless, one criticism levelled at the co-pilot
was that he intervened too much during the course of
the flight. Even if his interruptions were often
justified from a technical point of wview, his tendency
to "mother" the captain excessively was deemed
prejudicial to the smooth running of flights.

The Type Rating course was followed by the course
entitled "Technical Support".

Familiarisation with A320 line operations was carried
out 1in accordance with the training programme laid
down by Air Inter. Specifically, conventional
approaches (VOR, VOR-DME, ILS without GLIDE, ADF) were
carried out, three for the captain and four in the
case of the co-pilot. The overall valuations are
indicative of a high level of competence. However, in
the judgment of the instructor responsible for line
familiarisation, there was one reservation relating to
the co-pilot's strictness in carrying out certain
procedures.

15.2 - Cabin crew

In accordance with the appropriate regulations, the
cabin crew consisted of four persons.

15.21 - Chief Steward

Female, aged 44;

Safety and Rescue Certificate n° 7192 of 19 April 1974
A320 Approval Certificate of 14 December 1991

Last medical taken on 23 May 1991 at the CPEMPN in
Paris.

15.22 - Steward



Male, aged 29;

Safety and Rescue Certificate n° 13021 of 17 July 1986
A320 Approval Certificate of 9 January 1989

Last medical taken on 13 January 1992 at the CPEMPN in
Paris.

15.23 - Hostess

Female, aged 25;

Safety and Rescue Certificate n° 19937 of 17 September
1990

A320 Approval Certificate of 20 March 1991

Last medical taken on 17 December 1990 at the CPEMPN
in Paris.

15.24 - Hostess

Female, aged 27;

Safety and Rescue Certificate n° 14756 of 6 September
1988

A320 Approval Certificate of 16 November 1988

Last medical taken on 17 May 1991 at the CPEMPN in
Paris.

15.25 - Maintenance and checks of competence

Periodic training and checks required for cabin crew
were undergone in accordance with the regulations in
force.

15.3 - Strasbourg Airport Air Traffic Personnel
Approach Control was carried out from the

tower, as were Ground Traffic Control and Airport

Circuit Traffic Control. Three Controllers were on

hand to perform these functions:

15.32 - Approach Controller, Head of Shift

Male, aged 36, military background
Agssigned to Strasbourg since September 1985

First assignment: Mont-de-Marsan airport from January
1977 to September 1985

Operational Controller Rating 27 January 1978
Chief Controller Rating 1 January 1981
Rated "Master Controller" in July 1986

15.321 - Training



- at the Ecole Nationale de 1'Aviation Civile (ENAC)
(National School of Civil Aviation) :

Air Traffic Controller training course from
September 1976 to December 1976

Chief Air Traffic Controller training course
from May 1984 to June 1984.

- internal:
Ongoing specific training.
15.322 - Experience

6,146 hours at post in the tower
19,583 aircraft approach movements handled,
around 6,500 of which were of civil aircraft.

15.323 - Professional duties in the week preceding
the accident

present for nine hours on 14 January 1992
present for thirteen hours on 16 January 1992
present for eight hours twenty minutes on the day
and at the time of the accident
responsibilities held in the hour prior to the
the accident: Approach Controller and Head of
Shift.

15.324 - Medical fitness
Last medical examination at the CEMPN in Metz on
27 June 1991

Passed fit for 2 years.

15.33 - The Tower Controller

Male, aged 25, military background

On his first assignment in Strasbourg, from September
1986

Chief Controller Rating 1 December 1990.

15.331 - Training
Mont-de-Marsan School of Military Controllers
from March 1986 to September 1986
Ongoing specific training.
15.332 - Experience
5,063 hours at post in the tower

3,300 aircraft approach movements handled, around
1,400 of which were of civil aircraft.



15.333 - Professional duties in the week preceding
the accident

Present for nine hours on 14 January 1992

Present for nine hours on 16 January 1992

Present for ten hours twenty minutes on the day
and at the time of the accident

Responsibilities held in the hour prior to the
accident: Tower Controller.

15.334 - Medical fitness
Last medical examination at the CEMPN in Metz on
15 October 1991

Passed fit for 2 years.

15.34 - Ground Controller

Male, aged 24, military background

On his first assignment in Strasbourg, from February
1989

Rated Operational Controller since October 1989.

15.341 - Training

Mont-de-Marsan School of Military Controllers
from September 1988 to February 1989
Ongoing specific training.

15.342 - Experience

1,800 hours at post in the tower

869 approach movements handled, of which around
300 were of civil aircraft

1,019 final approach movements handled, together
with 339 ILS approach surveillances.

15.343 - Professional duties in the week preceding
the accident

Present for nine hours on 14 January 1992

Present for nine hours on 16 January 1992

Present for ten hours twenty minutes on the day
and at the time of the accident

Responsibilities held in the hour prior to the
accident: Ground Controller.

15.344 - Medical fitness
Last medical examination at the CEMPN in Metz on

15 January 1992
Passed fit for 2 years.

CHAPTER 1.6 - ATIRCRAFT INFORMATION




16.1 - Airframe

- Manufacturer : ATRBUS INDUSTRIE
- Type : A320-111

- Serial number : 015

- Registration : F-GGED

- Certificate of registration: B20275 of 23
December 1988
- Utilisation:
since manufacture: 6,316 hours,

7,194 cycles

since last complete overhaul on 12
October 1991:

521 hours

16.2 - Engines

- Manufacturer: engines manufactured by
General Electric in collaboration with
SNECMA and marketed by their joint company
CFMI

- Type: CFM56-5-Al

- Serial numbers:
left : 731 123
right: 731 132

- Hours run and operating cycles at the time
of the accident:
left : 4,448 hours 5,129 cycles
right: 5,412 hours 6,229 cycles

- Hours run and operating cycles since being
installed on F-GGED:
left (26 July 1991): 869 hours,
1,023 cycles.
right (10 May 1990): 3,433 hours,
3,877 cycles.

16.3 - Equipment

An examination of the documentation
relating to the aircraft equipment did not
show evidence of any discrepancy with respect
to French regulations applicable to aircraft
used for public transport.

In common with the other A320s
operated by Air Inter on the date of the
accident, the aircraft was not
equipped with GPWS. French regulations did
not impose a



requirement for this equipment to be carried.

The aircraft was equipped with a Head
Up Display (HUD) for the left seat.

The aircraft was 1linked to the
company by the ACARS system (Aircraft
Communication Addressing and Reporting
System) which allows the transmission and
reception of data by VHF 1link. This system
enables the aircraft to be informed of
weather conditions, for example, and permits
the exchange of information relative to the
maintenance of the aircraft or its
subsystems. The ACARS messages recorded by
Air Inter involving F-GGED on the day of the
accident were  examined. None  of these
messages gives cause to suspect a fault.

A description of the A320's control
and navigation systems is given in Appendix
15.

16.4 - Certification

Certificate of Airworthiness n° 109620
was issued on 22 December 1988. On 22 October
1991 it was validated until 22 December 1994.

16.5 - Maintenance
Maintenance was undertaken by Air Inter.

The last routine maintenance
inspection (Type A) was carried out on 12
December 1991.

The pre-flight inspection was carried
out on the morning of 20 January before the
departure leg of the round trip.

The document entitled "Technical Log"
consists of five items: "Land" condition,
tolerances, open or postponed technical
items, technical occurrences on the last five
flights and specificities.

It was noted that the "Land" condition
was operational, that there was no tolerance,
that the technical events reported bore no
relation to the circumstances of the accident
and that the item "specificities" showed that
a modified FCU had been installed (see para.
117.22) .



The investigators then proceeded to
examine the maintenance documents in detail.
The outcome of this examination is set out as
required in paras. 117.2 and 117.3.

16.6 - Mass and load distribution

At the time of the accident, the
aircraft had an approximate mass of 52.5
tonnes and a load distribution of 28.5%.
During the entire flight it had stayed within
the limits for mass and load distribution.

The aircraft had taken off with an on-
board weight of fuel of approximately 5,700

kg.

CHAPTER 1.7 - INFORMATION RELATIVE TO THE
OPERATOR AND THE CIVIL
AVIATION AUTHORITIES

17.1 - The company Air Inter

17.11 - Brief overview

17.111 - The company Air Inter was
founded in 1954. It 4is a limited company
(S.A.) whose principal shareholders are
public bodies. It has been part of the Air
France group since 22 January 1990.
Nevertheless, it has maintained its own

structures and original aims within the
framework of the group. Its objective is to
service the main internal French routes with
a specific product, characterised by a policy
of low fares (cost per kilometre around 40%
lower than the average price charged on
French and European routes), based on
operating costs reduced by the use of Jumbo
jets on many routes, high-density
accommodation and simplified in-flight
service.

Since 1981 this product has
experienced growing competition from high-
speed trains (TGV's) and, to a lesser extent,
from the 1liberalisation currently taking
place in Community air transport. Despite
this, from 1985 to 1990 growth in Air Inter's



business was marked

(+ 54.4%). In 1990 it was interrupted as a
result of the air transport crisis which
affected companies across the board. Although
the accounts of Air Inter had been in profit
since 1975, the company recorded net losses
in 1990 and 1991. However, 1its ©position
remains satisfactory from the point of view
of the criteria normally used to assess the
financial position of airline companies in
France.

17.112 - Air Inter operates 61
domestic scheduled routes and 7 international
scheduled routes which, however, represent
only 2% of its business. On 1 February 1992
its fleet was made up of 22 AIRBUS A300s, 28
AIRBUS
A320s and 8 DASSAULT Mercure aircraft. In
1990, Air Inter carried the third highest
total number of passengers of any European
airline (16.2 million) . In terms of
passenger-kilometres flown within Europe it
was placed fifth (8.9 billion). Air Inter
employed 10,900 people, including 934 flight
crew and 2,000 cabin crew.

17.12 - Special characteristics

17.121 - The peculiar nature of its
network confers special characteristics on
Air Inter's operations. Route stages are

short and consequently flight times are
reduced. If European journeys are ignored,
the average route stage distance is 270
nautical miles, and the average flight time
between take-off and landing 40 minutes. Such
short flight times make it very difficult to
compensate for delays. Turnround times are
relatively limited in comparison with
European conditions of operation. The
shortest periods which can be programmed for
A320 turnrounds are 50 minutes (45 minutes in
the provinces) . Nevertheless, the
organisation of turnrounds is built around
rapid loading times, added to which the
resources made available to ground staff and
on-board personnel (third MCDU, ACARS, radio
telephones, cockpit refuelling management
system) speed up operations in case of
technical problems.

17.122 - Businessmen, their main
clientele, are extremely sensitive when it
comes to the punctuality and regularity of
flights, the more so as the short duration of



these flights exacerbates the subjective
effect of a delay. Adherence to timetables is
perceived as being of prime importance in the
culture of the company and forms a crucial
part of operational organisation. The company
culture places high value on the optimisation
of flight times, while at the same time
following a policy of flight profiles with
minimum operational cost. In the case of the
A320 this manifests itself in the form of the
adoption of a fairly low "cost index". Crews
are made aware of the added fuel costs
brought about by using Mach numbers or flight
levels which deviate from the optimum.
Reductions 1in flight times are therefore
achieved by seeking ways to minimise route
and arrival procedures and as a result of
rapid descents and arrivals likely to secure

gains in landing priority. This culture
relies on crews having an excellent
experience of the network (very high number
of repeat flights), the fact that great

stress is 1laid on skill and training, and
experience of an aircraft with exceptional
speed resorbtion characteristics (the

DAO01 Mercure) which has induced a certain
spirit of rivalry amongst the various airline
sectors.

This culture has spread beyond the
confines of the company: it 1s recognised
elsewhere, especially by Air Traffic
Controllers who, when they are dealing with
Air Inter aircraft, expect procedures to be
speeded up and occasionally make suggestions
to this effect.

In practice, as far as the A320 sector
is concerned, 85% of flights are made with
less than a 15 minute delay. In 1989 and
1990, Air Inter received the award from
Airbus Industrie for the Dbest operational
performance of the A320, which endorses its
technical reliability.

17.2 - The operation of the A320 at Air Inter

17.21 - Background relative to the
entry into

service of the A320

17.211 - The first A320 was delivered
to Air Inter on 17 June 1988 and put into
service on 23 June 1988. Ten other aircraft



were delivered between 17 June 1988 and

30 October 1989, and 18 others between
October 1990 and February 1992. 1In Air
Inter's case, the most recent entry into
service of a new aircraft was in 1974 (Airbus
A300). In addition, the A320 was perceived by
senior management as an aircraft which was
very innovative but at the same time not yet
fully developed, particularly in view of the
many different types of software on board.
The introduction of the A320 was thus
perceived by those in positions of
responsibility at the company as a difficult
operation Jjustifying special measures (see
para. 17.22).

17.212 - The social climate
surrounding the entry into line service of
the A320 at Air Inter was especially
problematic. A prolonged dispute involving
the workforce, accompanied by considerable
enlightening by the media at national level
and including repeated strikes by some flight
crew ©personnel, was sparked off by the
arrival of the aircraft. Essentially, this
followed the decision to operate it using a
two-pilot crew. There was a highly-charged
atmosphere at the company, and the pilots who
had agreed to be part of the team responsible
for getting the aircraft ready for operation
("the A team") ran Uup against serious
hostility.

17.213 - The A team pilots took their
Type Rating course at Aéroformation, an
Airbus Industrie subsidiary set up for crew
training, in January 1988.
Subsequent crews continued to be instructed
at
Aéroformation until June 1989, the date on
which Air Inter assumed responsibility for
its own instruction

17.214 - Until January 1991, all the
crews beginning an A320 Type Rating course
had the choice of
whether or not to move on to the A320. They
came from the following areas:- A300, Mercure
or Caravelle 212. From that date the
progressive elimination of the Caravelle
sector and the ending of Rating courses on
the A300 and Mercure removed pilots' choice
in the matter, and assignment to the A320
sector was no longer carried out on a purely
voluntary basis.



17.22 - The structure specific to the

A320

17.221 - From an aircraft operating
standpoint, on 20 January 1992 the company
Air Inter was structured in the following
way: a Technical and Operational Affairs
Directorate was made up of an Operations
Department (as well as being responsible for
air operations, the Operations Manager is
also in charge of flight crew personnel), an
Engineering and Equipment Department
(responsible for the technical supervision
and maintenance of aircraft), and a Transport
Department (responsible for the management of
the network) .

17.222 - The Operations Department was
composed of three Divisions: the Flight Crew
Division, the Cabin Crew Division and the
Engineering Division. The Flight Crew
Division included the Flight Crew Training
Centre (CIPN), the Flight Crew Flight Centre
and the Technical Centre. The CIPN and the
Flight Crew Flight Centre were divided into
sectors according to type of aircraft, and
each therefore included a sector specific to
the A320. The Technical Centre was
responsible for dealing with incidents and
accidents affecting any of the company's
aircraft. In particular it had at its
disposal an FDR readout service required
under French regulations for two-pilot crew
operation.

17.223 - The Engineering and Equipment
Department itself also included a sector

specific to the A320, where the entire
workforce specialised in the A320 and handled
no other type of aircraft. This sector

communicated with the flight sectors via
weekly and monthly meetings.

17.23 - Crew selection and training

17.231 - There is no special internal
selection process to appoint those pilots who
will move on to A320s. They are appointed
first of all on a voluntary basis, then on
the Dbasis of necessity dictated by fleet
conversions.

On the date of the accident the A320
conversion programme for pilots already
flying for the company included the following
main stages:



17.232 - a specific technical course
entitled STAN (Technical
Course for New Aircraft)

This preparatory course is intended to
broaden and standardise the technical
knowledge of ground crews and staff in
relation to recent technological developments
(modern avionics, airborne computers and
digital automatic equipment, electrical
flight controls) and their use (flight path
and flight management, operation and control
of automatic equipment). This course aims to
make it easier to acquire technical sgkills on
the aircraft by providing a better
understanding of how it operates. At the same
time 1t attempts to instill sufficient
confidence to enable trainees to undergo an
initial training course: specific innovations
are Jjustified and demystified at the same
time. This course lasted for seven days.

17.233 - a Type Rating course proper

This course takes place in four main
stages: the study of aircraft systems; the
study of normal and emergency procedures; the
study of limitations, special procedures and
performance data, and of aspects of safety
and rescue; simulator "flight" sessions using
a Full Flight Simulator (FFS).

The first stage (study of aircraft
systems) is carried out in standard crews and
lasts for 11 days. It comprises 38 hours of
computer-aided instruction (CAI) and uses a
set consisting of a full-scale photographic
model of a cockpit. The study of each system
is followed by a debriefing (17 hours in
total) carried out by a Ground Instructor who
is an expert in the system. This debriefing
enables important aspects to be pointed out
and makes it possible to monitor the level of
knowledge acquired which, incidentally, is

not subject to a formal test. Simulator
sessions (a total of 23 hours on a Fixed Base
Simulator (FBS)) allow use of the command and

control procedures corresponding to each
system.

The second stage (study of normal,
abnormal and emergency procedures) lasts for
six days. It begins with a general briefing
on the allocation of duties among
pilots, the use of call/response checklists



and a study of the phraseology specific to
the aircraft. Then the procedures are
performed on a simulator (FBS) with the help
of Ground Instructors. Nine hours are devoted
to normal procedures, the same amount of time
to abnormal and emergency procedures.

At the end of these two stages, the
instructor carries out an evaluation of the
knowledge and skills acquired. He then
supervises the trainee during the last stage,
i.e. the "flight" on the FFS. This evaluation
lasts for three hours.

The third stage consists of two days
of classroom lessons on the subjects of
limitations, special procedures, and twin-
engine and single-engine performance data
relative to the aircraft. These lessons are
given by a qualified instructor. This stage
ends with a day devoted to safety and rescue
aspects.

The fourth stage is open to trainees
who have satisfactorily completed the
evaluation on the FBS. It consists of 7
sessions of 4 "flying" hours on the FFS,
carried out 1in standard crews under the
direction of an airline training captain,
preceded by a 2 hour classroom briefing and
followed by a debriefing 1lasting 1 hour.
These sessions deal with lbasic flying,
selecting and managing Autopilot. They look
at devices protecting the flight envelope,
mode reversions, control laws. LOFT (Line
Oriented Flight Training) sessions then cover
different types of system failure and
emergency situations. Each arrival forms the
subject of a different type of letdown (VOR,
ADF, LOC, CATI, auto-approaches).

Following these seven FFS sessions, a
test session lasting 4 hours is undertaken.
It includes a commercial flight that has to
be prepared in every detail, during which the
crew has to deal with wvarious types of
problems and failures. A VOR approach is
required for this test.

The fourth stage is completed by a 2
hour session devoted to additional training
involving non-conventional take-offs (take-
offs with reduced visibility minimums and the
use of instrument guidance for tracking) and
to auto-approaches.



In the context of this Type Rating
course, VOR letdowns are dealt with from the
third session onwards. A
special 1lesson 1is given by the instructor
with the aid of a synoptic diagram showing a
conventional approach contained in the
Operations Manual, and with the aid of a
specific chart including the vertical profile
and photographs of the Navigation Display of
each pilot. This special lesson is designed
to require the use of the TRK/FPA reference
and stresses the importance of the following
points: track, speed, regime and aircraft
configuration stabilised 1 NM Dbefore the
descent point (however, FULL flaps
configuration, if required, is recommended at
0.5 NM from the descent point - in this case,
stabilisation is scarcely possible before the
descent) ; the calculation of estimated
vertical speed in relation to wind, and
descent updating using DME distances; the
announcing of speed deviations, vertical
speed and height; the announcing of MDH +200
and MDH +100. Three VOR approaches and one
NDB approach are carried out in crew teams
during this fourth stage, which means that
each of the two pilots is at the controls for
two conventional approaches.

17.234 - an off-line handling flight

If the FFS test session is
satisfactory, the trainee undertakes a
handling flight on the aircraft lasting

approximately 45 minutes. This flight forms
part of the programme approved by the DGAC
(SFACT after advice from the OCV), which has
laid down that certain exercises should be
included in this flight programme for this
aircraft type. Once this flight has been
completed the trainee is issued with his A320
Type Rating.

17.235 - a first "technical support"
module

This module, which lasts 4 days, 1is
given immediately after the handling flight.
Its objective is to deepen trainees'
knowledge of systems, structures and
procedures associated with maintenance (CFDS,
ACARS, practical use of MEL, external pre-
flight inspection, knowledge of the various



intervenors from the A320 Engineering and

Equipment Department) , and to examine
regulations applicable to precision
approaches.

17.236 - 1line familiarisation £flights
with an instructor

At the end of the first technical

support module, trainees begin line
familiarisation, i.e. they carry out
commercial flights in their specific role
(captain or co-pilot), but accompanied by a

Line Training Captain Dbelonging to the
Training sector. The number of

flights (stages) included in this
familiarisation programme depends on the
background of the trainee. The first

familiarisation programmes on A320s comprised
5

flights of 4 stages. The sixth is the test
flight before pilots are allowed to fly
commercially. It is carried out by a Line
Training Captain attached to the Flying
sector.

From mid-1991, as a result of
experience gathered from problems already
encountered, and following the arrival of a
group of pilots who were less motivated and
more reticent regarding the change (they were
primarily from the Caravelle 212 sector which
was being phased out), the length of the line
familiarisation programme was extended to 7
flights of 4 stages, the eighth being the
test flight Dbefore commercial flying was
allowed. If he considers the trainee to be
insufficiently prepared, the instructor has
the option of requiring him to carry out one
or several additional flights.

The company's Line Familiarisation
Manual recommends carrying out a conventional
approach when conditions (weather, air
traffic) permit.

17.237 - a second "technical support"
module

The objective of this module, which
takes place 30 days after the final flight
test, 1s to enable pilots, once they have
gained a certain level of personal experience
on the aircraft, to continue studying its
main systems, some simple operations carried



out on turnrounds, and the use of the MEL.
This module lasts for 4 days, and includes an
FFS session 1lasting two hours in standard
crews, during which there 1is a test to
determine ability to perform non-conventional
take-offs and CatII and CatIII precision
approaches (including the use of the HUD for
captains) .

17.24 Maintenance and checks

of

competence

The statutory requirements regarding
maintenance and checks of competence are as
follows: an annual training session to
maintain skill levels, an annual test carried
out during a commercial flight covering
knowledge of and adherence to the Operations
Manual, and an annual test carried out in
off-line conditions involving Type Rating
exercises.

Air Inter has amalgamated the skills
maintenance training session and the test
carried out in off-line conditions into a
single module. This <course 1is entitled
"Performance Skills". It is taken once a
year. The programme for this course was
approved by the DGAC. The objective of the
course 1is to update pilots' knowledge of the
A320 along with their ability to handle tasks
assigned to them in a crew environment. Above
all it provides an opportunity to evaluate
incidents which have actually occurred in the
course of operation, and to update particular
procedures, and abnormal or emergency
procedures.

The course lasts for three days. The
first is devoted to classroom lessons and the
two subsequent days to the simulator: 2
sessions of 4 hours each, preceded by a
briefing lasting 2 hours. The first session
consists of a LOFT type "flight". The second
is devoted to the annual off-line test,
carried out on an approved simulator (FFS) in
the presence of an Line Training Captain from
the company, which covers statutory Type
Rating exercises.

17.25 - Factors relating to the line
operation of the A320 at

Air Inter



17.251 - Crew pairing

On the date of the accident,
management of the composition of crews at Air
Inter, as in the majority of companies, did
not take systematic account of the experience
of pilots on a particular aircraft type.

To handle the increase in staff levels
and the spiralling number of flight
scheduling changes, the company developed a
computer tool to aid in the management of
flight crews (the AIGLE system). The first
applications of this tool, which did not take
into account the experience of pilots on a
particular aircraft type, were put into
operation for flight crews in June 1991.

17.252 - The handling of incidents

French regulations place an obligation
on the captain, a member of the crew, or a
representative of the owner or the operator
of any civil aircraft, to report immediately
any incidents which put air safety at risk.
As far as serious incidents affecting public
transport aircraft are concerned, the captain
is required to draw up a report detailing all
the circumstances within 48 hours.

The internal organisational structure
at Air Inter vests responsibility  for
handling incidents affecting fleet aircraft
in the Technical Centre. The Technical Centre
sets up the incident file and takes care of
relations with the appropriate government
authorities (Bureau Enquétes Accidents). Two
groups of permanent operational staff are set
up, one within the Operations Department and
the other within the Engineering and
Equipment Department, to take charge of
events as they happen.

On the date of the accident, however,
Air Inter had no specific organisational
structure exclusively dedicated to flight

safety (e.g: Flight Safety Officer).
Notwithstanding this, a flight safety
bulletin, including analyses of incidents or
accidents, was issued by the Technical
Centre.

Practically all operators show a
certain reticence to release to the outside
world information on incidents they



encounter. The tense working atmosphere in
which the entry into service of the A320 took
place at Air Inter sometimes led to political
use being made of incidents which occurred, a
situation which reinforced the reticence

alluded to above. As a consequence, the
dissemination of information to c¢rews, the
manufacturer or the civil aviation

authorities remained limited. Thus it can be
seen that the operating report which Air
Inter supplied to the authorities at the end
of its first year of operation, in line with
a statutory obligation regarding two-pilot
crews, makes no mention of any particular

operating difficulties, whereas that
submitted by Air France points to a "very
high" 1level of technical incidents and

provides a full list.

17.253 - Systematic £flight analysis
program

French regulations make the granting
of a licence to operate an aircraft of over
40 tonnes with a two-pilot crew subject to
the installation of a systematic flight
analysis program using flight parameter
recording and
flight documents. On the date of the
accident, at Air
Inter this responsibility was vested in a
Flight Analysis Sector, attached to the
Technical Centre and thus to the Directorate
of Air Operations. This unit performs a
computer analysis of the QAR recorder on all
A320 flights. Automatic analysis shows up any
parameters whose readings exceed a pre-
defined threshold or range. The "anomaly"
thus detected is then validated manually.

The 1list of parameters taken into
account focusses on flight path monitoring.
Contrary to procedure in other airlines, the
company agreement does not make provision for
flights which have given ©rise to the
detection of major anomalies to be subject to
specific and detailed operational analysis,
which may include an interview with the crew
concerned. Nevertheless such an analysis 1is
possible when the anomaly has been reported
by the crew themselves, and only in this case
following their written authorisation. A
special investigation, possibly including an
interview with the crew involved, can then be
undertaken. With these exceptions, anomalies
detected are thus only subject to general



statistical analysis.

The results of systematic flight
analysis are circulated internally within the
company for the benefit of the Flight Sectors
and the Head of Flight Crew Personnel. They

are also incorporated in a monthly
statistical report. A restrictive
interpretation of the company agreement and
its provisions concerning respect for

anonymity led to a situation in which the
information gathered from systematic £flight
analysis was not being disseminated to the
manufacturer, the c¢ivil aviation authorities
or the Bureau Enquétesg Accidents.

17.3 - The exercise of State supervision

17.31 - Administrative structure

The Civil Aviation Authority exercises
supervision over Air Inter through two of its
departments:

- The Service de la Formation

Aéronautique et du Contrdle Technique
(Aeronautical Training and Technical
Inspection Department) (SFACT) is the

responsible administrative authority. It lays
down the regulations applicable to all types
of air operation in the public transport
sector, specifies particular conditions
relevant to their application, issues
licences and corresponding approvals and
monitors their operation, except in the area
of the professional competence of crews.

- The Organisme du Contrdéle en Vol
(Flight Inspection Organisation) (ocv)
carries out inspections of flight crews,
either with or without notice, wvia spot-
checks or during special inspections in which
it takes part at the request of SFACT. In
addition, it is a consultative body
responsible for giving opinions and advice to
all the departments of the DGAC, particularly
to SFACT on questions of operational
procedure.

17.32 - The statutory background and its
application

The central regulation applicable to
all French companies operating in the public



transport field is the Arrété (Order) of 5
November 1987 and its subsequent amendments.
This text covers the regulation domain
referred to by ICAO Annex 6. It deviates from
the provisions of this Annex on the following
point: it does not impose a requirement to
carry a Ground Proximity Warning System
(GPWS) . This point is dealt with in more
detail in paragraph 1.18.3. This regulation
finally includes Arrétés (Orders) and
instructions governing the competence of
crews; the issuing of <certificates and
licences; and Type Rating programmes.

In accordance with this regulation,
the Minister responsible for Civil Aviation
has granted Air Inter general licences for
public transport operation.

17.321 - A licence to operate the A320
using a two-pilot crew was granted on 21 June
1988 in 1line with the requirements of the
Arrété (Order) of 5 November 1987. Following
advice from the OCV, SFACT approved the Type
Rating programme, approved the crew training
methods and agreed the simulators used for
flight training on the Type Rating programme
and for the annual off-line test of
competency.

17.322 - The process of approving
instructors responsible for testing
competency took a long time to implement.
This procedure requires the company to
forward to SFACT the files of instructor
candidates for which it is requesting
approval. SFACT then evaluates these files
according to criteria laid down in the texts
of the regulations and relies on the advice
of the OCV before granting approvals or not,
as the case may be.

The Air Inter company agreement
provides for the appointment of instructors
according to seniority and for a non-
renewable period of four vyears. These
provisions lead to a relatively rapid
turnround of instructors and as a result
necessitate continuing follow-up work on a
considerable number of candidate files to
ensure that
approvals are issued. Since Air Inter viewed
this procedure as being purely formal, it did
not submit any files to SFACT before October
1991.



No instructors were therefore
officially approved for periodic checks of
competence between 1988 and 1992 (compliance
with the Arrété (Order) of 5/11/87 would have
involved granting these approvals before
30/11/88) .

17.323 - There are no other anomalies
to be noted. On the date of the accident no
derogations from the regulatory provisions
had been granted to Air Inter as far as the
aircraft F-GGED and its crew were concerned.

17.324 - In accordance with the Arrété
(Order) of 5 November 1987, the A320
operating procedures used by Air Inter did
not form the subject of an official approval
but of a description in the Operations
Manual. The ‘'"operations" section of this
manual had been presented to SFACT and the
OCV as early as March 1988 and had required a
significant amount of updating until June
1988, giving rise to numerous joint meetings
between SFACT, OCV and Air Inter. The final
agreed version of the manual was lodged with
SFACT on 2 June 1988. After that date SFACT
passed no further comment on it.

17.325 - Regulations concerning the
execution of instrument approach and take-off
procedures, 1in particular those relative to
precision procedures, were applied in the
normal way at Air Inter. On this basis the
company received procedural licences and

instructor approvals for precision
approaches.
17.326 - With respect to aircraft

maintenance, the regulation applicable to any
company carrying out maintenance on aircraft
used for ©public transport is the Arrété
(Order) of 8 December 1975. This Arrété was
applied in the normal way at Air Inter: the
introduction of maintenance on the A320 led
to changes in maintenance specifications
which were submitted to SFACT and approved.
In applying this Arrété Air Inter received
approvals and licences covering 1its entire
range of maintenance activities on the A320.

17.33 - The conduct of supervision

17.331 - Inspections associated with
the granting of the two-
pilot crew licence



The regulations applicable (Arrété
(Order) of
20 August 1956, coupled with the Arrété of 5
November
1987) require that a specific survey be
undertaken by SFACT and the OCV whenever an
aircraft of over 40 tonnes with a two-pilot
crew 1s put into operation. This survey
covers the resources available (flight crew,
ground crew; composition and organisational
structures of senior management; equipment
resources; documentation; Operations Manual) .
It includes checks by the OCV on the training
of flight crews as they are being instructed
and during their first line flights, as well
as checks on the application of the
Operations Manual, performed jointly by SFACT
and the OCV.

In this regard, in May 1988 four crews
were observed on the simulator by a Pilot
Inspector of the OCV who i1is rated for the
A320 (Aéroformation course) as well as being
an A300 captain at Air Inter. In August 1988
another Pilot Inspector from the O0CV, a
captain with another airline, carried out two
line flights as part of the "two-pilot crew"
survey: one with an Air Inter executive, a
pilot with the A team, and the other with a
Captain Instructor.

It 1is appropriate at this point to
note that at the end of 1988, during the
period when Air Inter were perfecting their
own training programme, the Pilot Inspector
who was a captain on A300s at Air Inter took
a complete Air Inter A320 Type Rating course
as a recurrent training on A320s and to get
familiarised with Air Inter procedures (cf.
para. 17.23).

In addition, during the summer of
1988, SFACT carried out a series of operating
checks, both on the ground and in flight
(approximately 30 stages) to examine the
adequacy of the procedures laid down by Air
Inter and how they were being applied.

The decision to authorise the
operation of the A320 with a two-pilot crew
was matched with a request to Air Inter to
draw up an operating report one year after
the aircraft had gone into commercial
service. This is a regular request.

The DGAC has not laid down any special



demands or expressed any criticisms when
examining documents from the report drawn up
by Air Inter (cf. para. 17.252.3).

17.332 - Normal inspections

17.332.1 - At the end of the
validation period alluded to in the previous
paragraph, inspection of Air
Inter's methods of operation was incorporated
within the normal framework laid down by the
Code of Civil Aviation and the Arrété (Order)
of 20 August 1956 coupled with that of 5
November 1987. Their main provisions are:

- the possibility of general or
sector-based inspections of the company
carried out jointly by SFACT and the OCV;

- verification by SFACT and the OCV of
operating methods, and by the O0OCV of the
level of professional competence of crews;

- ground and in-flight inspection of
the adequacy of the operating procedures laid
down by the company and how they are being
applied;

17.332.2 - Air Inter has never been
the subject of a general inspection. The last
sector-based inspection, concentrating on the
system for maintaining the levels of
competence of flight crews, and carried out
in the context of a mnational study on the
subject, dates back to 1984. This situation
is not unique to Air Inter: in practice, very
few general inspections of large French
companies have been carried out by the
supervisory authorities.

17.332.3 - As far as the professional
capabilities of crews are concerned, the
regulations 1lay down that these should be
specified and checked by the Operator itself
at the end of the Type Rating and line
familiarisation stages, and during the
regulation annual inspections. The
effectiveness of this inspection procedure by
the Operator itself is in principle, but not
always, subject to spot checks by means of
OCv flight inspections. In fact, the OCV did
not carry out any formal inspections on the
A320 at Air Inter between the end of 1988 and
the date of the accident (three inspections
were carried out, but on other aircraft in



the fleet).

However, two sources can be considered
likely to have provided the OCV with
information on the professional capabilities
of Air Inter's crews:

- the first source is the practical
flight tests taken as part of the Airline
Pilot Certificate, which emanate from the
Examining Board chaired by the Head of the
OCV. These flight tests are indicative not
only of the level of candidates and of their
standard of exam preparation, but also of
their adherence to operating procedures 1laid
down in the Operations Manual. The results of
Air Inter candidates have been similar to
results achieved on a national scale.

- 1in addition, a Pilot Inspector who
is a member of the OCV was one of the
complement of A320 captains at Air Inter.
These twin responsibilities enabled him to
experience the daily practicalities of A320
operation on a regular basis. Indeed, he was
able to assess the conduct of co-pilots
flying as part of his crew at first hand.
This conduct did not give rise to any
particular criticism on his part, either as
far as their crew work or announcements were
concerned. This source did not enable the OCV
to gather information on the professional
level of A320 captains.

17.332.4 - When it came to verifying
the adequacy of the company's operating
procedures and the way they were Dbeing
applied, SFACT encountered a number of
difficulties:

On the one hand the DGAC has formed a

unit of turnround inspectors called
Contrbleurs Techniques d'Exploitation (CTE)
(Technical Operations Inspectors), whose
inspections only cover the condition of the
aircraft and its components and the

availability of documents required, including
flight planning and flight records. The high
rate of Air Inter turnrounds at French
airports had given rise to a large increase
in the number of these inspections, which
were often seen as Dbeing T"interfering".
Changes have been made in the way they are
carried out so that Air Inter is not
subjected to them any more than other



airlines.

On the other hand, SFACT has a general
power of inspection by authority of the
Minister concerned. Accordingly, 1its agents
can carry out any inspections required within
the framework of the department's duties. The
result is that as soon as a SFACT flight deck
inspection is carried out during a £flight,
all the flight <crew contest it. This
situation has been the subject of very strict
union instructions, leading to a refusal to
allow on board any inspectors who are not
qualified flight crew personnel to a level at
least equal to that of captain. Air Inter
flight crews have always stood particularly
firm on this point. The consequence has been
that SFACT has not been in a position to
carry out any operational flight inspections
at Air Inter since 1989.

CHAPTER 1.8 - WEATHER INFORMATION

The description of general conditions at

altitude
and at ground level is based on the network
reports of 20 January at 12.00 hours

and of 21 January at 00.00 hours. The
weather conditions shown refer to the network
reports of the 20th at 18.00 hours and 21.00
hours and of the 21st at 00.00 hours and
03.00 hours respectively.

18.1 - General situation

18.11 - Situation at altitude

At altitude, at 500 Hpa and 700 Hpa,
the situation was characterised by a fairly
strong northeasterly air flow (40 to 50
knots) circulating between an Atlantic ridge
- at its height over the British Isles and
the North Sea - and a thalweg running from
the Ukraine to the Gulf of Lions.

In the lowest layers of the free
atmosphere, between 800 Hpa and 900 Hpa, the
flow switched to an easterly direction and
became moderate (20 to 30 knots).

Above the Rhine plain and the Vosges,
average wind speed and temperatures showed
the following pattern during the evening of



20 January:

altitude wind
temperature
5,500 m (500 Hpa)
060°/40 to 50 knots -28
to -30 ‘c 3,000 m (700 Hpa)
060°/40 knots -12
to -15 °C
2,000 m (800 Hpa) 060°
to 080°/20 to 30 -9 to -10 C
knots
1,500 m (850 Hpa) 060°
to 080°/20 to 30 -6 to -9 C
knots
1,000 m (900 Hpa)
060°/25 knots -3
to -5 °C

At an altitude of around 1,000 m, the
temperature fell to -10 °C on 21 January.

18.12 - The situation at ground level

Between 18.00 hours and 00.00 hours a
vast area of high pressure dominated Northern
Europe (1,039 Hpa in the north of Poland,
1,038 Hpa over the North Sea). A depression
linked with a disturbance in the
Mediterranean was centred at 1,007 Hpa to the
South East of Corsica.

Between these two centres of activity
a current developed, within which an active
occlusion running from the Alps to the Jura
mountains was circulating.

Associated with this was a sky
completely covered with rain and snow-bearing
clouds, the northern limit of which extended
at 12.00 hours from Bavaria to Lorraine and
the Limousin region, with rain and drizzle in
low-lying areas and snow in the mountains.
This entire system drifted back gradually to
the South or South West in the French sector
and at 18.00 hours the northern 1limit was
still affecting areas extending from the
Bavarian Alps to the Vosges mountains and the
Auvergne (see Appendix 11).

The north of this unsettled area was
dominated by a cold, dry current from the
east of the continent: the influx of cold air
(air mass at a temperature of -6 °C) gradually
moved into Alsace and Lorraine by the end of



the evening.

18.2 - Information supplied to the crew

18.21 - Written forecast handed to the

crew

The flight weather forecast file for
the Lyon-Strasbourg route was taken from the
Satolas Weather Centre by an agent of Air
Inter Operations at 15.20 hours. No special
comments were made.

The file contained the following
documents (see Appendix) :

- the TEMSI EUROC chart for 20 January

1992 at 18.00 hours:
- wind and temperature charts at 300
Hpa (FL 300) and 500 Hpa (FL 180)
for 20 January 1992 at 18.00 hours;
- the METARs for 15.00 hours and the
TAFs for 15.00 hours to 24.00
hours relating to the

departure, arrival and diversion airports.

The weather conditions encountered
during the flight and on approach to
Strasbourg were very similar to  those
described in the flight log.

Comment : By virtue of the contractual
agreements between Air Inter and
the National Weather Centre, wind
and temperature charts for 700 Hpa (FL 100)
and 800 Hpa (FL 050) do not form a
constituent part of the documents
which make up weather records for

the flights of turbo-jet aircraft which have
a cruising altitude of over 500 Hpa
(FL. 180).

18.22 - Information received in flight
by the crew

At 17.56 hours, the crew were listening
to ATIS (see para. 1.11.4) from Strasbourg-

Entzheim and received the November
information recorded at 16.00 hours (see
Appendix) :

- runway in service 05,
- transition level 50,



- wind 040°/18 knots,
- visibility 10 km,
- cloud: 5/8 at 800 feet, 8/8 at 3,000

feet,

- temperature and dew point: 2°, 1°,

- QNH 1,021,

- QFE 1,003.

At the request of the captain, the co-
pilot mentioned the following three
parameters: runway in service 05, cloud cover
(8/8 at 3,000 feet), and wind speed (18
knots) .

The crew listened to ATIS again two
minutes later, at 17.58 hours. They received
the Oscar information of 18.00 hours:

- runway in service 05,
- transition level 50,
- wind 040°/30 knots,
- visibility 10 km,
cloud: 3/8 at 1,100 feet, 6/8 at
2,600 feet,
- temperature and dew point: 1°/0°,
- ONH 1,023,
- QFE 1,005.

It was probably during this reception
that the crew consulted ACARS at 17.59 hours
to obtain the last METAR from Entzheim. It
received the METAR of 17.30 hours:

LFST 03019KT 9999 4ST010 4SC030 8AC090
02/M0O0 1022 NOSIG =

Comments:

1 - The METAR of 18.00 hours,
available at 18.01, gave the
following parameters:

LFST 03019KT 9999 3ST011 6SC026
01/M01 1023 NOSIG =

2 - Between 17.30 and 18.30 hours the
wind gusts measured at the
Entzheim weather station
fluctuated between 21 and 30 knots, direction

040°.

3 - The 05 runway threshold is the
airport's QFE reference. At

16.00 hours the QFEs of runways
05 and 23 were identical (1,003
Hpa) . Between 17.18 and 18.06



hours they were different:

- QFE 05 (502 feet): 1,004

Hpa;
- QFE 23 (489 feet): 1,005
Hpa.
After this they were again
identical (1,005 Hpa) .

At 18.10 hours, at the request of the
crew, the Approach Controller confirmed the
QFE and QNH pressures (1,005 Hpa and 1,023
Hpa respectively), then, at 18.12 hours, he
confirmed the cloud cover figures (3/8 at
1,100 feet and 6/8 at 2,600 feet).

18.3 - Weather conditions encountered on
approach

At 18.00 hours the sky associated with
the occlusion (para. 18.12) extended over the
Auvergne, the Jura mountains and the Swiss
and Austrian Alps. Further to the North, in
particular Dbetween Luxeuil and Strasbourg,
the outer edges of the sky were characterised
by a layer of stratocumulus cloud, with bases
at an altitude of 500 to 700 m and peaks at
around 2,000 m, topped by banks of residual
altocumulus at approximately 2,700-3,000 m.

The following estimates can be made of
atmospheric conditions prevailing between
18.00 and 18.30 hours, during the A320's
descent towards ANDLO and then during its
circuit at 5,000 feet above the eastern
Vosges and the Alsace plain:

- at the time of entry into the layer
of stratocumulus at an
altitude of around 2,000 m:

instant wind: 040 to 060°/25 gusting
to 35 knots,

temperature: -9 °

c,

- during the circuit at 5,000
feet (altitude 1,500 m) in the
layer of stratocumulus:

instant wind: 050 to 070°/25 gusting
to 30 knots,

temperature: -6 °

C.

- during descent from 1,500 m to 800



m, still within the layer of
stratocumulus:

instant wind: 060 to 070°/20 gusting
to 25 knots,

temperature rising from -6 to -2 °

C.

Within the northeast to easterly
current, the orographic effect of the Vosges
massif appeared in the form of an
accumulation of clouds to windward, an uplift
effect characterised by burgeoning peaks and
a more pronounced liquid moisture content
than above the plain. Wind and temperature
readings at altitude, observations on the
ground, analysis from parameter recorders and
various other forms of evidence gathered
allow an accurate picture to be given of the
conditions prevailing during approach to
runway 05, above the eastern Vosges, between
18.00 and 18.30 hours:

no stratus to windward on high

ground,

uniform base at 600 m (altitude) of
the 8/8 stratocumulus layer,

average height of the layer: 2,000 m
altitude and bubbling up to an
altitude of 2,200 m (FL 65 to 70),

. instant wind between the altitudes

of 900 and 1,300 m: 070°/20 knots,

quantity of liquid moisture present
estimated at 0.7 - 0.8g/m’ between
the altitudes of 900 and 2,000 m

(-3 to -9 °C), causing:
falls of snow or freezing

drizzle and ice deposits
(observed in the mountains),

moderate icing conditions during
the flight, as evidenced by ice
formations noticed by the crews
of several aircraft on the edges of

their windscreens,

no major turbulence reported,
even at the top of the layer
of stratocumulus.

18.4 - Light conditions
The moon had risen at 17.20 hours over
the Strasbourg region. At 18.20 hours its

position above the site of the accident was:

- azimuth: 78°46' (in relation to True
North) ,



- elevation +9°18'.

There had been a full moon the day
before.

18.5 - Weather conditions during search and
rescue operations

Between 18.00 and 21.00 hours, the
influence of the cold, dry air, circulating
within the easterly current and following on
from the unsettled area which was in the
process of drifting to the south, began to
manifest itself over the north of the Rhine
plain: breaking up of the layer of
stratocumulus and disappearance of the banks
of stratus. In fact the change in the weather
situation, Dbrought about by the influx of
Continental air, occurred after 21.00 hours
over the Bas-Rhin (Lower Rhine) region and
did not reach southern Alsace until the
21st at 00.00 hours. Over the Vosges
mountains, in conditions of freezing fog, the
cloud cover was to disperse with a time lag
of four to five hours compared to the plain.

During the search operations covering
the entirety of the forested areas of Obernai
and Barr, atmospheric conditions were as
follows:

- freezing fog with a visibility
of 1less than 500 m (often a few
dozen metres) ;

- temperature between the altitudes
of 600 and 800 m decreasing
from -2 °C at 18.00 hours to -10
°C at 03.00 hours;

- ground condition: patches of ice,

ground snow-covered and
subject to frost in parts.

CHAPTER 1.9 - NAVIGATIONAL AIDS

19.1 - Ground-based radio navigation aids

19.11 - General equipment

The published transit, arrival and
departure procedures operated by Strasbourg



airport are dependent on the following
ground-based equipment:

- the "STR" VOR, frequency 115.6 Mhz,

- the "STR" TACAN, channel 103 x
(paired frequency: 115.6 Mhz),

- the "SE" locator transmitter,
frequency 412 Khz,

- an ILS on runway 23:

. "sT" localizer transmitter,

frequency 110.1 Mhz,

. Glide path transmitter,
frequency 335.0 Mhz, Glide
Slope 3 ~,

Two marker beacons on the 75

Mhz frequency: the Outer

Marker (OM) and the Middle Marker
(MM) .

These installations and equipment were
all working at the time of the accident.

19.12 - The "STR" TACAN

19.121 - Equipment history

In November 1991 the presence of water
in the TACAN antenna meant that a mobile
TACAN beacon had to be set wup for the
duration of the repair work.

This beacon, reference NRCP 1A, was
subjected to a flight control by two Mirage
F1 CR aircraft. This control was based on a
comparison between the distance measurements
provided by the mobile beacon, and those of
the beacon due to be closed down as well as
those calculated by the inertial units of the
aircraft. The results obtained enabled the
mobile beacon to be put into operation on 22
November.

In addition to this, a formal request
for calibration was lodged at the
Commandement Régional des Transmissions de
1'Armée de 1'Air (Regional Army and Air Force
Signals Command HQ) on 2 December 1991. On
the date of the accident, this calibration
had not yet been carried out; it was not the
subject of a NOTAM procedure.



19.122 - Distance measurement accuracy
of the TACAN

From the technical c¢lauses contained
in the contract between the manufacturer and
the Air Force, it appears that the distance
measurement accuracy of the TACAN is +/- 90
metres.

The trials and tests carried out
before this device was put into service in
the Air Force showed that the true distance

measurement accuracy of TACAN beacons
is +/- 75 metres.

It is this 1latter figure which has
been adopted by the appropriate central
technical departments (STTE - DCMAA) and
which is given in the "Maintenance manual"
for the installation of radio navigation
equipment.

19.2 - Radar equipment

19.21 - General equipment

The local military control centre
(CLA) of Strasbourg airport is equipped with
the following devices to provide radar
capability:

- "Centaure" search radar,
- SPAR precision radar,
- an off-set of the radar display

from CRNA Est (Eastern CRNA) (VDU
670) .

19.211 - The Centaure radar and its
videos

19.211.1 - Centaure radar is a primary
and secondary search radar system (wavelength
23 cm - antenna revolving 12 times per
minute) .

The antenna is located on the
airfield, between the runway and the taxiway,
400 metres from the threshold of runway O05.
The information provided by this radar can



be:

- used directly on the radar display
units available to the CLA,
in the form of primary (raw or
filtered) and/or secondary video,

- processed by the STRAPP
(STRIDA/Approach) system, located
in the technical wunit, with a wview ¢to

generating on the display equipment
computed tracks which can either
be local in origin or come from
STRIDA (the Drachenbronn-based System
for the Processing and Representation of
Aerial Defence Information with
which the Strasbourg STRAPP 1is

connected by a data transmission 1link),

- used manually via the designation
and interrogation system
(secondary and Mode C only).

19.211.2 - The primary video

The raw video of the primary radar
plays back to
the Controller's screen, in the form of
primary echoes, the positions of all the
aircraft detected as well as the
fixed echoes (high ground) located within the
radar coverage.

In the "filtered wvideo" position, all
or part of the fixed echoes are removed.

The Controller selects the distance
scale of the display. This scale applies to
all the other wvideos.

Whichever solution is adopted,
aircraft echoes are always perfectly visible
when aircraft are manoeuvring above high
ground.

19.211.3 - The secondary video

The wvideo of the secondary radar plays
back to the Controller's screen the positions
of all aircraft equipped with a working on-
board transponder and located within the
radar's detection range.

At Strasbourg, this video acts
essentially as an identification tool for
controlled flights, by differentiating



between the symbols corresponding to the
position of each aircraft.

The Controller matches a particular
symbol to the ident code he wishes to
identify wusing a keyboard situated at the
side of the display.

Thus the ident (squawk) code 6100,
selected by the pilot of F-GGED at the
request of the Controller, was displayed on
the radar screen by a symbol in the form of a
solid rectangle (aircraft on arrival)
positioned behind the primary plot.

19.212 - The STRAPP video

STRAPP allows computed tracks to be
created and displayed on the screen of the
Controller. These tracks are:

- either ©purely 1local in origin
(primary and/or secondary
Centaure detection),

- or local in origin or from STRIDA,
depending on the quality index
required, when the
STRAPP/STRIDA link is activated.

A track is made up of an
identification symbol and a velocity vector.
To these can be added, if the
Controller so desires, a tag which can
include all or part of the following
elements:

- the flight 1level (specifying local
origin or STRIDA) ,

- the SSR modes (origin not
specified),

- the general number (from STRIDA),

- the call sign (from STRIDA) .

19.213 - The computed internal video

The computed internal wvideo permits
the display of:

- the circles of distances centred on
the origin of detection
(position of the radar



antenna) . These circles either show distances

of 10 nautical miles in divisions
of 10, with the circles
representing distances of 50 miles

highlighted, or distances of two
nautical miles in divisions of two,
with the circles

representing multiples of 12 highlighted. The
Controller specifies for one or

other of the displays,

- the ANDLO way point and the position
of the "SE" locator beacon (the
position of the "STR" VOR/TAC is

not represented),

- the extended centreline of the
runway in use,

- any axis 1line generated at the
request of the Controller,

- a direction-finder vector aligned on
the radar screen and called up on
request.

19.214 - The designation and
interrogation system

This system allows the Controller to
ascertain the transponder code, and the
flight level or the altitude of an aircraft,
providing it is equipped with an operational
Mode C transponder.

To do this the Controller has to
target the aircraft with the aid of a small
luminous circle which he
moves, displaying changes of position using a
trackball situated within easy zreach on the
desk.

When the Controller has positioned the
circle on the secondary wvideo symbol of a
targeted aircraft and at the moment when the
detection sweep passes over this symbol, the
flight 1level (or the altitude) or the
transponder code of the aircraft appear in a
window close to the screen.

19.22 - Installation of radar display
equipment

Air Traffic Control services are
provided from the observation tower and the
"TFR room", two distinct entities within
local airport control.



The IFR room is only placed on an
active footing during periods of military air
activity.

Outside these periods the IFR room is
deactivated and Approach Control services are
delivered from the tower.

Installed in the IFR room are the
panoramic display units (approach consoles),
the landing radar system screens and VDU 670
screen (off-set of the radar display from
CRNA Est (Eastern CRNA)).

Installed in the tower is a complete
Approach Control console equipped with a
panoramic display screen, offering all the
displays and functions outlined in paragraph
19.21 (with the exception of the functions of
the VDU 670 available only in the IFR room) .

19.23 - Utilisation techniques
19.231 - Principles

To maintain the radar services of
General Air Traffic control from the IFR room
or the tower, the different video systems
available to the Controller are utilised as
follows:

- radar identification is established
and maintained by
correlation between an observed
primary echo and a symbol (secondary video)

corresponding to the SSR ident

code selected by the pilot,

- should the secondary radar or the
on-board transponder not be
operational, radar

identification is performed by
checking that the observed primary
radar echo is found on the
direction-finding position 1line associated
with the radar system,

- radar guidance is performed by using

the raw or filtered primary radar
video, gain adjustments being
carried out in such a way that aircraft

echoes appear clearly on the
background of charts showing high
ground,

- the component units of the STRAPP



tag (possible call gign and

especially Mode C) are utilised on
the initiative of Control, depending on the

situation in the air,
essentially with the aim of

guaranteeing appropriate vertical separation
between aircraft.

19.232 - The day of the accident

At the time of the accident Approach
Control services were provided from the
tower.

According to the "Register Journal"
and the "Register of Faults" (intended for
maintenance purposes), and according to the
evidence of the Controllers on duty, no
faults were reported and all the equipment
described above was working normally.

The screen display, and any
adjustments to it, are not recorded.
Nonetheless, the evidence of the Controller
who carried out this function provides wus
with some indications concerning adjustments
to the Approach Control console (see Chapter
1.20).

CHAPTER 1.10 - TELECOMMUNICATIONS

110.1 - Radio communications and ACARS link

During its flight the aircraft made
contact successively with the following Air
Traffic Control authorities (with  their
corresponding frequencies) :

- Satolas Ground 121.80 Mhz
- Satolas Tower 120.00 Mhz
- Satolas Approach 128.50 Mhz

( )
( )
( )
- Marseille Control (123.80 Mhz)
( )
( )
( )

- Geneva Control 127.30 Mhz
- Rheims Control 124 .95 Mhz
- Strasbourg Approach 120.70 Mhz

At no time did the crew report a
problem on any of these frequencies.

All the radio and telephone
communications of the Control Authorities are
recorded.



A track of the magnetic tapes is kept
for recording a coded internal clock. When it
was reproduced, this coding was zread and
restored onto a digital clock.

A dated transcription of these
communications was made, and the section of
this transcription relevant to an

understanding of this report is contained in
one of the Appendices.

Finally, the aircraft was equipped
with an ACARS system (see para. 16.3),
designed for the automatic transmission of
data by VHF link.

The ACARS messages transmitted by F-
GGED during the flight which culminated in
the accident were recorded.

110.2 - Radio and telephone equipment
operated by the Air Traffic Control
Authorities

110.21 - Radio equipment

The Strasbourg-Entzheim Control Tower
is equipped with a radio installation
allowing transmission and reception on the
following frequencies:

- 122.10 Mhz and 118.70 Mhz for
Airport Control
- 120.70 Mhz, 125.875 Mhz and 121.35

Mhz for Approach Control

- 121.5 Mhz international distress
frequency, permanently manned.
Distress beacons (ELTs)

transmit on this frequency.
- 126.925 Mhz, for the ATIS frequency.

All frequencies can be controlled
independently of the IFR room or the tower.

110.22 - Telephone network equipment

Strasbourg-Entzheim Approach Control
is equipped with a network of dedicated
direct lines. One of these lines connects it
to the Drachenbronn Centre for Co-ordination
and Rescue (cecs) , another to CRNA Est
(Eastern CRNA). This second line is recorded
and the transcription of the recording is
contained in one of the Appendices.



CHAPTER 1.11 - ATIRPORT INFORMATION

111.1 - General points

Strasbourg-Entzheim airport is a
military airport open to public air traffic.

It 1is attached principally to the
Ministry of Defence (Air Force) and
secondarily to the Ministry of Transport
(Civil Aviation) .

Air Traffic Control services are
provided by Air Force Military Controllers.

Use of the airport by civil aircraft
is defined by a protocol agreement drawn up
between the two Ministries to which is is
attached, dated 1 January 1976 and amended on
1 November 1980.

In winter, the working hours of Air
Traffic Control services are: every day from
05.15 hours to 22.00 hours.

The length of single runway 05/23 is
2,400 metres. It is oriented 051/231 degrees
Magnetic.

111.2 - Regulations and technical
developments

An amendment to the Civil Aviation
code (Articles D. 131 - 1 to 10, and more
particularly Article 9) dated 25 July 1985
gave Military Control Authorities the
statutory powers to provide general Air
Traffic Control services in line with
performance criteria set out in a Joint
Arrété (Order) .

An Arrété (Order) of 28 July 1986
provides for the creation of a statutory
airspace, doubling as a controlled airspace
in the Strasbourg region, to allow joint
civil and military activity to take place at
Strasbourg-Entzheim airport.

An Arrété (Order) of 24 December 1986
and the issuing of Aeronautical Information
enabled this airspace to be put into



operation on a twin-status basis along with
the corresponding Air Traffic Control
services, beginning on 7 May 1987.

A radar sequencing zone was set up
inside the controlled airspace. General Air
Traffic (GAT) Control,

Flight Information and Alert services are
provided inside this controlled airspace.

In the beginning, in view of the non-
availability of an adequate radar screen in
the tower, radar services could only be
provided from the IFR room, to suit military
schedules 1in accordance with the DGAC/Air
Force protocol of 1 November 1980.

This double restriction was lifted
from 15 October 1987 thanks to the
installation in the observation tower of an
integral Approach Control console equipped
with a Centaure radar display screen, and
after an agreement between the military
authorities had authorised the Controller to
use radar equipment outside military
schedules.

When the IFR room is non-operational,
Approach Control services are provided from
the tower.

The instructions laid down by the Head
of the CLA give the Head of Shift complete
latitude in deciding how to use this Approach
Control console, depending on the situation
in the air.

111.3 - Flight control of General Air Traffic
at Strasbourg

111.31 - General principles

Strasbourg airspace is included within
the airspace for which the Centre Régional de
la Navigation Aérienne Est (CRNA  Est)
(Eastern Regional Centre for Air Navigation)
is responsible.

On the day of the accident, this
airspace was exclusively reserved for General
Air Traffic (GAT) aircraft. Thus only the
status of controlled airspace need be taken
into consideration.

This airspace includes a radar
sequencing zone as well as arrival, departure



and transit routes (Appendix 2). Its
management is defined in a letter of
agreement between the Eastern Regional Centre
for Air Navigation and Air Base 124 at
Strasbourg-Entzheim.

This letter of agreement specifies the
control parameters for General Air Traffic
(GAT) aircraft flying according to IFR rules
and either flying to or from Strasbourg-
Entzheim airport or in transit within the
twin-status airspace.

In its appendices it describes:

- means of communication,

- services provided by Strasbourg APP,

- departure, arrival and transit
procedures,

- the handling of conflicts Dbetween
departure, arrival and transit
flights.

Strasbourg Approach provides Air
Traffic Control, Flight Information and Alert
services within the controlled airspace.
Radar services are provided as required.

111.32 - Responsibility of control
services in relation to
the clearance of obstacles by

aircraft using IFR

Appendix 4 of the Chicago Convention
and DOC444-PANS/RAC define the responsibility
of Control services 1in relation to the
prevention of collisions with obstacles. It
lays down that, except in the case of radar
guidance, it 1is the responsibility of the
pilot to take into consideration the
clearance of obstacles and to check that the
authorisations he is given do not compromise
flight safety in this respect. On the other
hand, when he carries out guidance for an
alircraft on an IFR flight, the Radar
Controller will satisfy himself that the
margin of clearance over high ground is
sufficient at all times until the aircraft
reaches the point at which the pilot can once
again resume navigation himself.

As far as French regulations in force
on 20 January 1992 were concerned, it was not
within the sphere of competence of Air
Traffic Control authorities to prevent
collisions between aircraft in flight and



terrestrial obstacles. The pilot therefore
had an obligation to check that clearances
from the Air Traffic Control authorities did
not compromise flight safety on this point.

However, these regulations specified
that when radar control service (guidance and
sequencing) is provided for the benefit of an
aircraft on initial approach, the
instructions given by the Controller must
keep it within the radar sequencing =zone.
This contrives to provide a safety margin for
the clearance of obstacles.

111.33 - Arrival procedures at
Strasbourg

111.331 - Itineraries

Standard arrival itineraries, i.e.
those subject to special approach clearance,
are published in AIP France (RAC 4-139).

The first IFR 1level which can be
utilised from the direction of EPL (Epinal
VOR beacon and LUL (LUL VOR beacon) 1is,
according to the QNH in force at Strasbourg,
level 70, 80 or 90.

111.332 - Co-ordinations

Co-ordinations are defined in the
letter of agreement between Eastern CRNA and
Strasbourg Approach Control Centre dated 1
July 1990. The reference locator beacon is
the SE locator. It i1is primarily used as a
holding fix. Co-ordination is effected ten
minutes at the 1latest before the estimated
time of overflight of SE.

Eastern CRNA transmits to the Approach
Control Centre the aircraft's designator on
arrival and its transponder code.

For arrivals from LUL or EPL, the CRNA
must mandatorily respect this ten-minute
notice period. In fact, the Approach Control
Centre can ©request 1t to direct these



arrivals straight to ANDLO, with a view to a
direct approach towards runway 05.

Approach replies by giving Eastern
CRNA the lowest level which can be utilised
at 21 NM from the STR VOR, and if need be,
the approach time expected.

111.4 - VOR-DME procedure

Note: Strictly speaking, it is
a VOR-TAC procedure, because for
distances it uses the "distance

measurement" part of the TACAN at
Strasbourg (cf. glossary). This
system can be incorporated into a
DME, and the construction of the
procedure, as well as how it is
practised by crews, are completely

identical. Consequently, throughout the
remainder of this report the terms

"VOR-DME" procedure" and "VOR-TAC
procedure" will be used
interchangeably.

111.41 - History

Instrument operation of runway 05 at
Strasbourg-Entzheim was the subject of an ILS
procedure analysis study carried out in
September 1977 by the Northern Regional Civil
Aviation Authority (DRAC), as well as a study
by the Technical Air Navigation Service
(STNA) completed in December 1977. The
procedure was based on a gradient of 6.25%
with a variant proposing a gradient of 8.8%
on the middle segment with a final glideslope
of 5.5%.

This procedure, which was tested on a
simulator, posed problems in terms of the
installation's ground location. Taken
together with the cost involved, they led to
its rejection.

During 1982, the Chamber of Commerce
requested a continuation of the usage
analysis of runway 05 other than in free
visual manoeuvre (MVL). This request led in
1983 to the analysis of a VOR-TAC procedure.



111.42 - The procedure

111.421 - General points

The Strasbourg VOR-TAC 05 procedure is
a conventional approach procedure with a
visual reference point on final approach.

It consists of a series of segments
corresponding to successive stages of the
flight. These segments are delineated by
reference points (waypoints):

- IAF: waypoint (fix) at the beginning
of Initial Approach (for the
Strasbourg VOR-TAC 05

procedure, it is the SE beacon;

- IF: waypoint at the beginning of
the Intermediate Approach
(for the Strasbourg VOR-TAC 05
procedure, it is the ANDLO

point) ;

- FAF: waypoint at the Dbeginning of
Final Approach (for the
Strasbourg VOR-TAC 05
procedure, it 1s the fix of the Final
Approach segment, 7 NM from
the TACAN) .

111.422 - Particular design features
111.422.1 - Derogations

The VOR-TAC 05 procedure was set up in
accordance with the rules of Order 20754/DNA
of 12 October 1982. Three of its points are
derogatory and it was explicitly subject to
derogations covering:

a) The 5.6% gradient for the
Intermediate Approach segment.
This allows an identical gradient to

be obtained for the Intermediate and
Final stages.

As far as the descent gradient is
concerned, Order 20754/DNA stipulates that



the gradient of the Intermediate Approach
segment should be nil because its purpose is
to fix the speed and landing configuration of
the aircraft to enable it to begin the Final
Approach segment. However, if a descent 1is
necessary, the Order gspecifies that the
maximum permissible gradient is 5% and that a
level of deceleration should be allowed
before Final Approach.

A double derogation is therefore
applicable to the 5.6% gradient.

b) The 1length of segment by dead

reckoning on Initial Approach of
11.7 NM. This is the segment
included between a point 21 NM from the STR
VOR and ANDLO (see chart in
Appendix 6) .

This enables DME distances, which are
identical for the two arrivals, to Dbe
obtained by dead reckoning at the start of
the Initial Approach.

Order 20754/DNA specifies that as far
as the Initial Approach segment is concerned,
"guidance onto the flight path 1is normally
required, although a segment by dead
reckoning can still be allowed over a
distance not exceeding 10 NM".

The length of 11.7 NM of the segment
by dead reckoning is therefore derogatory.

These derogations have been agreed by
the DNA.

Comment : Neither the request
formulated by the
Northern DRAC, nor the reply given by the

DNA mention the derogation
constituted by the absence
of a level of deceleration on

Intermediate Approach. The
diagram appended to
the request of the Northern

DRAC did indeed show a continuous profile
but this did not elicit any
comment from the DNA.

On being questioned by the Commission,
the DNA indicated that the presence of a



level of deceleration

was difficult to envisage taking into account
other

constraints, and that it would have led to
the acceptance of other derogations.

111.422.2 - Margin of clearance of
obstacles

A margin of 225 m was adopted for the
Intermediate Approach segment of the
Strasbourg VOR-TAC 05 procedure. This 1is
higher than the statutory minimum of 150 m
laid down for this type of procedure. Order
20754 /DNA in fact sets out that in
mountainous regions it is left to the
designer of the procedure to over-estimate
the margin of clearance.

111.422.3 - Reverse turn

Designed to allow a half-turn to be
made during Initial Approach, this turn is
carried out to the north of the approach
track in order to maintain the necessary
separation with the collective flight paths
of Strasbourg Military Air Traffic on the one
hand, and the Colmar procedure and the Lahr
and Solingen airspaces on the other.

111.422.4 - When it was consulted on
the definition of this procedure, the company
expressed a positive view.

111.43 - Profile of procedure

111.431 - IAC Charts of the
Aeronautical
Information Service (SIA)

The SIA is a service of the
Air Navigation Authority (DNA) which 1is
responsible for the publication of approach
procedures in accordance with the standards
and recommendations of Appendix 4 of the
Chicago Convention.

The charts published by the SIA

relating to the VOR-TAC 05 procedure are
reproduced in the Appendix section.

We note that the obstacle at 823 m



taken into

account in the formulation of the procedure,
which determines the altitude associated with
the Final Approach Fix (FAF) located at 7 NM
from STR, is not included on the profile of
the IAC.

The altitudes ©prescribed for each
waypoint (5,000 feet at 11 NM, 4,300 feet at
9 NM and 3,660 feet at 7 NM from STR) do
however offer protection from this obstacle
at the FAF level, giving a clearance margin
in excess of 50%.

111.432 - Air France charts

For this flight the crew wused the
aeronautical charts supplied by their
company, i.e. the charts published by the Air
France group in line with the provisions of
the Operations Manual of Air Inter.

It is appropriate to note at this
point that the publication of aeronautical
charts taken from official cartography is not
subject to any official regulation.

From an examination of the charts used
by the crew we note that:

- the crew only had access to one set
of approach procedure charts.

- the arrival tracks for runways 23

and 05 are placed together on a
single sheet and no

information is given which allows them to
be clearly differentiated. The
segment oriented ANDLO-STR-SE
(arrival track on clearance or

instruction from  Approach) is only
partially shown. ANDLO and STR are
joined by a single stroke without
arrowing and the STR-SE segment has

been left out.

- the graphical representation of the

VOR DME 05 procedure conforms on
the whole with the official
publication. However, the terms IF (reference
point of Intermediate Approach)

and FAF (reference point of
Final Approach) do not appear.
Furthermore, the final track is broken

off before the Missed Approach Point
(MAPL) .



- the flight path shown between ANDLO
and FAF was flattened out with the
purpose of continuing the gradient
with the Final Approach segment.

- the let-down track was noted at 050’
(publication of 22 August 1991)
whereas the SIA charts give this
track as 051’ (publication of 3 May 1990).

- the flight path profile for the
VOR/DME 05 procedure is
derived from the chart.

- the representation of the wvertical
profile of the procedure gives an
indication of possible alerts by
the Ground Proximity Warning System (GPWS),

symbolised by helicoids at 9 NM
from STR on the outbound and
inbound tracks.

- the form does not include a chart

showing the relationship between
the DME distance and the path
altitude.

111.5 - ATIS

Strasbourg Approach is equipped with
an ATIS (Automatic Terminal Information
Service), a system installed by the DGAC for
the benefit of General Air Traffic aircraft.

The fundamental objective behind the
operation of an ATIS system is to relieve the
frequencies of Approach Control from
information of a repetitive nature, while at
the same time offering users the possibility
of obtaining relevant details on conditions
of airport use as and when they desire.

ATIS transmissions are 1intended for
both inbound and outbound aircraft.

These messages are identified by the
letter following the one used in the previous
message, in immediate alphabetical order.

The items of information which follow
make wup the ATIS message and must be
transmitted in this order: runway in service,
runway condition, transition level, possible



modification to the operational state of
visual and radio-navigation aids, special
bird-related information, if necessary
information concerning the activation of
certain areas with a particular status and
meteorological information.

Any significant change to one of the
items of information contained in the current
ATIS transmission must lead to the recording
and dissemination of a new message.

The ATIS message must be wupdated at
least every hour. Any message more than an
hour old must be considered obsolete and must
no longer be transmitted.

At Strasbourg, the preparation,
recording and transmission of ATIS messages
is the responsibility of the tower.

We note that at 17.56 hours, when the
crew listened to ATIS, they received the
November information recorded at 16.00 hours.

111.6 - Ground lighting

Runway 05 at Strasbourg airport is
equipped with lateral ground 1lighting, with
flashing lights and a VASI approach glidepath
indicator. It does not have approach lights.

This equipment complies with the Order
of 15 March 1991 relative to approval

conditions and to airport operation
procedures. In paragraph IT1.5.3 this
stipulates "that the installation of a

luminous approach device is not normally
required for runways which are not open for
precision approaches".

This provision in the French
regulations deviates on this point from
Appendix 14 of the ICAO, paragraph 5.3.1.1 B
(Runway with conventional approach) which
specifies:

"Wherever such an installation 1is
physically possible, runways with
conventional approach shall be provided with
a simple luminous approach device complying
with the specifications contained in 5.3.5.2
to 5.3.5.9, unless the runway is utilised
solely in conditions of good visibility or
adequate guidance 1is guaranteed Dby other



visual aids".

The French authorities, in common with
all the other foreign authorities it must be
added, have not notified the ICAO of any
difference on this point. In effect it
considers that the wording of the paragraph
quoted above 1leaves open the option of not
installing a line of approach lighting on a
runway with conventional approach, contingent
on the adaptation of minimum operational
requirements.

To this effect, the order of 12 March
1990 relative to the determination and
utilisation of operating minima

(Chapter 3) contains several tables which,
for a given MDH, give a VH taking into
account the length of the approach line. 1In
particular, table 5 gives VHs for a runway
not equipped with approach lighting.

This interpretation is completely

accepted and can be found in many airports
the world over.

CHAPTER 1.12 - RECORDING EQUIPMENT

112.1 - On-board recording devices

112.11 - Recovery from the wreckage

In accordance with the prevailing regulations,
the aircraft was equipped with two protected recording
devices. These recording devices were discovered at
00.46 hours on 21 January.

The recorders were situated in the area between
the firewall of the Auxilliary Power Unit (APU) and
the rear pressure dome of the aircraft. This area
suffered badly from the effects of a fire source. The
Digital Flight Data Recorder (DFDR) was still on its
support mounting, the Cockpit Voice Recorder (CVR) was
above it. The two recorders were trapped in a twisted
mass of molten metal, the DFDR more so than the CVR.
It was possible to salvage them from the hot =zone
approximately three quarters of an hour after they
were found. They were still hot, the CVR less so than
the DFDR which burned to the touch, even through
gloves.



The manufacturer of the recording devices was
LORAL-Fairchild. The Digital Flight Data Recorder was
a model F800, reference 17M800-21-1; the Cockpit Voice
Recorder a model A100, reference 52799.

In addition the aircraft possessed a non-
protected Quick Access Recorder (QAR), manufactured by
Schlumberger, reference PC 6033-3-55, S/N 679,
designed for the maintenance and the analysis of
flights, and recording the same data as the DFDR. This
Recorder was discovered on
21 January at approximately 09.30 hours in the
avionics bay area.

Finally, non-volatile storage memory located
inside wvarious computers on board was found and
analysed. The results of this work are set out in
para. 1.17.

112.12 - DFDR

The Digital Flight Data Recorder suffered fire
damage to the point where its reading system and its
magnetic tape melted and fused together. No analysis
of the information was possible.

112.13 - CVR
112.131 - Condition of the recorder

Work on opening the CVR and copying the
original tape was carried out on the morning of 21
January 1992.

The recorder was fire-damaged over the whole of
its external suface. There was no trace of shock
damage.

112.132 - Opening procedure

The removal of the outer casing was carried out
using wire-cutters, owing to the progressive
distortion it had suffered as a result of its exposure
to the fire. It was not possible to gain access to the
anti-shock box until the recorder's framework and
electronic components had been completely removed.

The thermal protection shield showed patches of
burning in wvarious places, which indicates that the
recorder was exposed to an intense fire source for a
long period. Nevertheless, when the last protective



cover over the turntable was opened, the magnetic tape
was revealed to be in good condition.

112.133 - Magnetic tape

Once out of i1ts spool, the magnetic tape
nevertheless showed signs of twisting, characteristic
of ©prolonged exposure to considerable heat. In

addition, it was stuck lightly to the capstan, which
is the sign of incipient melting.

The tape was cut at the point where it emerged
from the turntable support and transferred manually
onto a
1/4 inch spool.

112.134 - Copying and use

Two copies were made of the original tape on a
1/4 inch, 4-track tape, and one copy on a 1l-inch, 8-
track tape. These copies are untreated copies, not
subject to filtering or any changes from the time they
were originally recorded.

The running speed of the original tape was
calibrated by spectral analysis of the interference
from the on-board electrical system at 400 Hz.
Subsequent synchronisation, made by comparing the
relative times of the radio transmissions with the
corresponding parameter

of the QAR on the one hand, and the recording of Air
Traffic Control on the other, did not present any
problems.

Conversations with Control or the cabin crew,
recorded directly "at source" on tracks allocated
specifically for VHF frequencies and the public
address system, could be clearly understood.

The crew did not communicate with each other
using headset microphones. Their conversations were
recorded via the Cockpit Area Microphone.
Understanding certain sentences is particularly
difficult. An operation to reduce background noise by
digital processing of the most doubtful words or
groups of words did not dispel any remaining doubts.
Increasing the enhancement between "signal (word) and
noise (cockpit noise)" 1is not sufficient to improve
intelligibility on this recording.

Recognition by multi-listener testing did
however remove the uncertainties surrounding a number
of words.



A transcription of the parts which could
eventually be understood, and which are relevant to an
understanding of the current report, is contained in
the Appendix section.

112.14 - QAR

The recorder showed traces of shock damage and
burning over three quarters of its outer surface.
After being opened, the magnetic tape appeared
seriously damaged, cut and distorted. It was stretched
out to a length of around twenty centimetres,
corresponding approximately to the last thirty seconds
of the flight. In the most affected part its width was
no more than one millimetre, and around three
centimetres had completely disappeared.

On the damaged section it has not been possible
to interpret the magnetic tape with the aid of
magnetic reading and computer-assisted decoding
techniques. Manual decoding methods have therefore
been used to read the binary data contained in the
damaged areas. A technique of manual interpretation,
involving opti-magnetic reading (see para. 1.19,) has
also been used to process two detached portions of
tape.

These methods of interpretation have enabled
all
the recorded data to be retrieved, with the exception
of the last twenty five seconds of the flight (and
more

particularly the last nine), where there are elements
of dicontinuity in the data recovered.

The extracts from data retrieved from the QAR
recording and which are relevant to an understanding
of the current report, are included in a series of
graphs contained in the Appendix section.

112.15 - Performance of on-board recording
devices

112.151 - Strength of materials - scientific
tests

As the DFDR tape was destroyed by the fire, and
the CVR tape had reached a critical point, scientific
analyses were carried out to determine the thermal
stresses they had undergone.

The American manufacturer of these items,
LORAL, has therefore compared the sets of photographs



taken of the opening of the two recorders with its own
recorders or related photographs. The company has also
carried out tests to determine certain points.

The metallurgical and chemical laboratories of
CEPr in Saclay have for their part examined the
various pieces of the recorders themselves, as well as
the metal matrix that enclosed them. The CEPr also
conducted comparative tests on standard cases.

The main results of these scientific tests were
as follows:

Duration of the high-intensity fire:

The temperature of Dburning fuel outside an
aircraft is approximately 1,000 to 1,100°C. In these
conditions, the external parts made of aluminium, such
as the sub-aguatic location beacon and the handle,
begin to melt after approximately three minutes. The
internal frame structure itself then also starts to
melt. After 15 to 20 minutes of total exposure to the
fire, all the aluminium components will have melted.

In the case of the F-GGED accident, only some
corners of the frame began to melt. The melting
temperature of the light alloy is 560 °C. The outer
casing of the recorders was therefore subjected to
temperatures of less than 650 to 700 °C.

LORAL thus estimates the duration of the
general high-intensity fire (temperature above 700 °C)
at less than 15 minutes. According to the standard
tests, exposure to such a fire for a duration of less
than 30 minutes does not lead to the destruction of
the tape.

Low-intensity fire:

Following this high-intensity fire which on its
own would not have destroyed the DFDR tape, the
casings were therefore subjected to a fire of lower
intensity over a long period of time.

The magnetic tape itself can withstand a
maximum temperature of the order of 200 'C.

Heat tests on a new magnetic tape used in
conjunction with parts from the operating mechanism of
a new recorder were carried out by the CEPr to produce
features identical to those found on the DFDR of F-
GGED. In these conditions, the maximum temperature



reached inside the DFDR is estimated at 430 °C, for a
period of 45 minutes.

It was still necessary to attempt to estimate
the duration of the low-intensity fire suffered by the
DFDR.

To do this, fire destruction tests on several
model F800 DFDR casings were conducted by LORAL with
the purpose of ascertaining the damage to the casing
from F-GGED. In general, at a temperature of 260 °c,
insulation protects the tape for approximately 6
hours.

In the tests carried out, damage at 250 °’c
proved to be less severe than that observed on F-GGED,
while the test at 283 °C showed the damage to be more
severe. The average temperature of the long-duration
fireowas therefore taken to be equal to approximately
260 C.

The tests were carried out in a temperature-
controlled oven. Thermocouples had been placed on the
tape and in the internal aluminium casing.

The results of these tests showed that the
damage to the DFDR of F-GGED would have required 6 to
7 hours of burning at a uniform temperature of 260 °C.

In view of the initial high-intensity fire, and
the temperature of 430 °C noted by the CEPr, the
duration of
the low-intensity fire 1is therefore estimated at
approximately 5 to 6 hours.

112.152 - Data recorded on the DFDR

On this aircraft the DFDR and the QAR recorded
the same parameter. The comments given in connection
with the operation of the QAR in this Inquiry are thus
also applicable to the DFDR.

For public transport aircraft of the size of

the A320, current French regulations require the
recording of 25 parameters. During the Type
certification work on the A320, a much larger number
of parameters (two  hundred and thirteen) was
specified. This was therefore the case on

F-GGED.

Innovations with respect to certain flight
control systems (electrically-operated flight
controls) led to many related parameters being taken
into account.



Some Autopilot or automatic flight management
modes are recorded.

Except insofar as engine operation is
concerned, no target value is recorded.
112.2 - Ground recording devices

112.21 - Radar systems

Radar systems used by Civil Aviation for the
purposes of route control are secondary radar systems
which utilise the relay transmitter device of an ATC
Transponder carried on board the aircraft. When this
is interogated by the radar beam, it sends back a
response which includes its attributed ident code
(mode A) and the pressure altitude of the aircraft
(mode C) .

112.211 - Radar coverage of the Strasbourg area

This 1is currently carried out by three radar
systems:

La Dole, a radar installed in Switzerland on
high ground near Geneva, 138 NM from STR. The Jura
mountains obscure its northern horizon, which prevents
it from
detecting anything below approximately 8,000 feet over
STR.

Chaumont (Cirfontaines en Ornois), a new-
generation single-pulse radar sited 87 NM west of STR.
The Vosges mountains vrestrict its horizon to an
altitude of
approximately 4,000 feet directly above the STR
beacon.

Drachenbronn, a French military radar situated

30 NM to the north of STR. There are no obstacles
restricting its horizon towards STR. An aircraft
flying at 5,000 feet over STR will, in principle, be
detected in good conditions because it is observed at
an angle of elevation of 1.5° above the horizon. In
contrast, the barrier of the Vosges mountains forms a
considerable shield to the south west.

112.212 - Flight paths plotted

The perception of the final part of the flight
which led to the accident by the radars mentioned
above, to which can be added the German radar
installation at Pfalzerwald, produced £flight path



recordings which have been grouped together on the
same scale in the chart contained in the Appendix
section. This chart illustrates the scatter corridor
of the flight paths as seen by the radars. The same
Appendix contains a concise explanatory note on the
radar processing system, a general survey of the
errors associated with the measures used, and an
analysis of the accuracy of flight path plots produced
during the final part of the flight.

112.22 - Radiocommunications

A transcription of the recording of the
radiocommunications established with the  Control
Authorities which were responsible for F-GGED 1is
provided in the Appendix section.

112.23 - Telephonic communications

The telephonic communications between Eastern
CRNA and Strasbourg Approach are recorded. A
transcription of the only communication referring to
F-GGED is included in the Appendix section.

CHAPTER 1.13 - DETAILS OF WRECKAGE AND IMPACT

113.1 - Description of the wreckage and the impact
site

Note: Appendix 16 contains photos of the site and the
wreckage

113.12 - Description of the site of the
accident

In the days following the accident, several
surveys were carried out:

- a topographical survey of the site of the
accident and of the height of the trees cut by
the aircraft, included in the Appendix
section;

- a diagram showing the distribution of debris,
included in the Appendix section;

The site of the impact was on the south west
side of "La Bloss" mountain, the height of which is
823 m (see map in Appendix 1). The debris was spread
over an area included within 48°25'40" and 48°25'37"
North latitude and 7°24'22" and 7°24'15" East latitude,
at a terrain altitude between 795 and 810 m in the



normal NGF reference system of the IGN.

At this spot the slope of the ground rises. The
extent of the gradient varies between 8 and 17%. A
coniferous forest approximately 25 metres high covers
the entire area. The distance over which the trees
were damaged is approximately 120 metres.

Measurements carried out on damaged trees led
to the estimate that the aircraft entered the trees at
a descent angle of approximately 12° and at an angle of
bank of the order of 14° to the left. This angle of
bank then increased to approximately 18° some 30 metres
further on.

113.22 - Distribution of the wreckage

From the moment it began to hit the trees,
sections of the aircraft broke off. The first item
found was a piece of the left engine nacelle located
near the foot of the first tree damaged. This was
followed by a number of pieces of the left wing, the
tail section, the fairing panel from the lower
fuselage, the 1landing gear door and parts of the
cockpit including a wiper blade and pieces of radome.

The first signs of the aircraft's impact with
the ground were located about thirty metres after the
first damaged trees. In this area one of the rims of
the nose landing gear and its tyre were also found.

Next, a number of small-sized pieces were
found; among them, the central windscreen post wedged
into a tree stump and a piece of frame 64 (this frame
is located at the rear of the last window), as well as
the actuating cylinder (ram) of the forward cargo
door.

After this debris the first large-sized pieces
of wreckage were found.

Situated at a point approximately 40 metres
from the first signs of impact with the ground was the
rear structure of the aircraft, containing the tail
assembly and the tail cone which holds the Auxilliary
Power Unit (APU). This was not damaged by the fire
which raged in front of its firewall, and is almost
intact. The adjustable horizontal stabiliser (PHR)
screwjack was found intact. The nut was found at a
distance of 24.5 cm (28 threads) from the jack exit
bearing. This figure corresponds to a PHR position of
3.7° nose up.

The tail section was severely damaged by the



impact and the fire. The structure in the area located
between the APU firewall and frame 65 was totally
destroyed by the fire. The resins of the composite
parts (PHR, fin and rudder) had been completely burned
up. The pressure bulkhead was likewise destroyed by
the fire. The recorders (CVR and DFDR), which were
installed in this area, were discovered there.

The tail unit, to the rear of the APU fireproof
surround, was not damaged either by the fire or by the
impact.

The rear section of the floor of the passenger
cabin, complete from frames 64 to 57, was found a few
metres forward of the tail section. Located on this
floor were, on the left-hand side, the last seven rows
of passenger seats, and on the right-hand side, the
last row of passenger seats and the cabin crew seat.
The left-side cabin crew seat was no longer on the
floor. The passenger seats had suffered a relatively
small degree of damage.

The right-side lower quarter of the fuselage normally
surrounding these seats was located under this section
of floor. The upper quarter of this section of
fuselage had been destroyed by the fire. The remaining
part was discovered attached to the central section of
fuselage.

Located a few metres to the left of the cabin
floor was a section of the left wing together with its
engine pylon.

Beside the section of the left wing was the
left main gear leg which had been broken transversally
at the strut level.

To the right of the tail wunit, in the same
direction as the flight path, were found a piece of
the right wing section along with the right main gear
leg in the extended position.

Approximately fifteen metres down from the rear
cabin floor was the central section of fuselage,
complete between frames 35 and 47. From a mechanical
point of wview this section had wundergone 1little
damage. On the other hand, it had been subjected to an
external fire, especially over its right-hand part.
All the seats that had been situated there, as well as
their occupants, had been flung outside towards the
front.

Also found in this area of the central section
were a cabinet of the avionics bay, a number of



computers or parts of computers, and the QAR.

The severely damaged casing of the Emergency
Locator Transmitter was also to be found in this area.

The rest of the aircraft, i.e. the largest
part, was scattered in a completely dismembered state
over the entire area. In particular, the flight deck,
and more generally the whole section between the nose
bulkhead and frame 35, (the frame 1located at the
leading edge of the wing section) had been broken up
by a series of impacts against the ground and the
trees. Its components were found scattered over a wide
area in a state of considerable fragmentation.

113.13 - Left engine

The left engine was detached from its pylon. It
was broken into two parts, with the plane of
separation at the interface between the intermediate
casing and the high-pressure compressor. The fan
casing lay flat, the fan blades pointing towards the
sky, the casing extremely buckled. There were no
blades missing, some were Dbroken, and most of the
others, which were buckled, showed numerous signs of
having taken in wood. The variable bypass bleed valves
of the low-pressure compressor (VBV) were in the open
position. An actuator in the variable stator vanes of
the high-pressure compressor (VSV) was in the extended
position (VSV closed).

Many of the engine components, fixed to the
periphery of the fan casing, had been torn off and
scattered over the site.

The rear part (high-pressure compressor,
combustor, high- and low-pressure turbines and jet
pipe, was jammed under a fuselage component, its axis
of rotation clearly horizontal.

The reverse thrust mechanism suffered a large
degree of damage, in particular to the mounts
attaching it to the pylon, which were buckled and
broken. Two of the hydraulic actuators from the
reverse thrust control were visible. Their rods were
in the retracted position.

The two parts of the engine bore no significant
traces of fire.

113.14 - Right engine




The right engine stayed complete, attached to
its pylon on a section of wing. Its axis of rotation
was clearly horizontal, in the same direction as the
flight path.

There were no fan blades missing, some were
broken, most were buckled and bore numerous signs of
having taken in wood. The variable bypass bleed valves
of the low-pressure compressor (VBV) were in the open
position and the VSV actuators were in the extended
position (VSV closed).

As on the 1left engine, many of the engine
components fixed to the fan casing had been torn off
and scattered around the site.

The reverse thrust mechanism suffered major
damage. Its rear mounting system was torn off. The
right-hand semi-reverser stayed in place, 1its two
flaps closed.

This engine bore no visible signs of fire.

113.15 - Examination of controls, control
surfaces and gauges

The flaps lever, found to the front of the
central fuselage section, was trapped in a block of
ice. It was stuck between marks 2 and 3.

Several rotary actuators from flaps and wing
slats indicate that the flaps were down, despite the
fact that it was not possible to determine their exact
position from a simple visual examination. Precise
measurements were therefore taken of these components.
Applying the data gathered from an identical aircraft
led to the conclusion that the flaps were locked in
position 2, or 15°, at the time of the impact.

Measurements were also carried out on slat
tracks. Applying the data gathered from an identical
aircraft showed that the slats were extended to 22° at
the time of the impact.

The spoiler lever was found about ten metres to
the rear of the tail section. It was in the "spoilers
retracted" position. This control had been twisted by
the impact, and the exact position of the distortion
shows that it was definitely in the ‘"spoilers
retracted" position at the time of the impact.



Several spoiler actuators were found. They do
not permit any conclusions to be drawn as to the
position of the spoilers on impact. Indeed, when
hydraulic pressure is lost, actuators return to their
neutral position, which corresponds to the spoilers
retracted position. On the other hand, most of these
actuators remained attached at least by one part to
the sliding panels they controlled, which themselves
suffered relatively little damage. Taking into account
the break-up of the structure of the wing section, we
can surmise that these spoiler panels would have
undergone significant damage if they had been deployed
at the time of the impact. It is therefore likely that
the spoilers had been retracted, or only locked low
(roll mode) on impact.

The positioning 1lever of the 1landing gear,
found to the right of the tail section, was locked in
the "extended" position.

The Standby Artificial Horizon, found to the
rear of the tail section, was jammed in the 25° nose
down position with a 20° left bank.

The Standby Altimeter, discovered to the front
of the central fuselage section, was stuck between
1,023 and 1,024 Hpa. Its pointer was broken. The drum,
which still appeared to be working, showed between
2,000 and 3,000 feet.

113.2 - General conclusions drawn from an examination
of the wreckage

The survey of the wreckage showed that all the
extremities of the aircraft as well as all of its
mobile parts were present on the site. The aircraft
did not therefore undergo any break-up prior to its
collisions with the trees and the ground.

The distribution of the wreckage and the traces
left on the trees point to the conclusion that the
aircraft was being flown manually at the time of
impact. The glide path was of the order of 12° and the
bank angle approximately 15 degrees to the left.

A comparison between the flight path and the
centreline of the main parts of the wreckage, in
particular the central fuselage section, shows that
after initial dimpact the aircraft slewed into the
trees, skidding to the right.

The rear section of the fuselage was destroyed



by lateral force. Its progress was halted by trees and
it suffered jolting caused by the repeated break-up of
wing components. At the moment of contact with the
ground, the nose section disintegrated, as shown by
the way in which the cockpit components and the
forward part of the cabin were scattered over the
entire site. The underside of the front fuselage was
gradually torn off as it continued to plough through
the trees. The wupper part tipped onto the ground
before wrapping itself under the central section.

The examination of the wreckage also enabled
the following aircraft configuration to be determined:

-gear down.

-flaps extended to 15° and wing slats extended
to 22", corresponding to position 2 of the

slats/flaps lever.

- PHR position: 24.5 cm between the nut and the

bearing at the -electric screwjack outlet.

This figure corresponds to a PHR deflection of

3.7 nose up.

-spoilers retracted at the time of impact.

CHAPTER 1.14 - MEDICAL AND PATHOLOGICAL INFORMATION

114.1 - Captain

114.11 - Medical records

An analysis of the Captain's official medical
records and the various items of information contained
in the Inquiry's files reveals nothing that would
support the hypothesis of an incapacity suffered
during flight.

114.12 - Toxicological analyses

Identification of the remains of the Captain
could only be carried out by genotypical analysis
(piecing together fragments from the same body then
seeking a ©possible family connection with its
ancestry). Although the body was not completely
reconstructed, formal identification was possible.

Several specimens were taken for analysis
purposes: a blood sample, a specimen of vitreous
humour (eye), a fragment of liver.

The liver specimen was subjected to two forms
of toxicological analysis, by immunofluorescence and
gas phase chromatography. Neither of these analyses



revealed any medicinal or toxic substances from the
following groups: benzodiazepines, tricyclical anti-
depressants, barbiturates, opiates, cocaine
derivatives, amphetamine derivatives, cannabis-related
substances.

The dosages of ethyl alcohol were administered
by gas phase chromatography complemented by specific
detection by  mass spectrography, liquid  phase
chromatography and spectrophotometric detection. This
combination of techniques allows the ethyl alcohol to
be administered in very precise quantities. In the
blood sample, analysis revealed an ethyl alcohol
content of 0.28 g/l; conversely, no trace of ethyl
alcohol was found in the wvitreous humour specimen.
This difference can be explained by the formation of
ethyl alcohol after death, as a result of the
fermentation of sugars contained in the blood during
the inevitable  processes of fermentation. This
mechanism does not exist in the vitreous humour, a
tissue which does not contain fermentable sugars. The
level of alcohol (nil in this case) found in the
vitreous humour some time after death is currently
considered to be very close to the blood level at the
time of death.

Under these circumstances, it is legitimate to
conclude that the Captain showed no known or
identifiable cause of sudden incapacity during the
flight and that no traces of ethyl, toxic or medicinal
poisoning were detected on him.

114.2 - Co-pilot

114.21 - Medical records

The official medical records of the co-pilot
point to a few problems, none of which called into
question his aptitude for the position: excess weight,
moderate dyslipidemy, increase in plasmatic gamma-GTs
for at least 3 vyears, tendency towards progressive
high blood pressure.

In the 1light of these risk factors, the co-
pilot took a stress test in February 1991 which, it
was concluded, showed no cardiac anomalies. The
consultant noted in the report of the examination on
25 September 1991 "to be seen again in three months
for a clinical and biological check". There is no
record of any further examination being carried out at
the CEMPN since that date, although it was not
obligatory in nature.



114.22 - Toxicological analyses

The official forensic report makes particular
mention of the highly fragmented and partially charred
condition of the remains. Seven parts were identified,
although this did not enable the whole body to be
reconstructed. It was possible to corroborate the
reconstruction of the body by undertaking a
comparative analysis of the genotypes of the various
fragments but identification could not be carried out
by next-of-kin. However, identification of the body of
the co-pilot was formally established by means of a
partial comparison with ante-mortem and post-mortem
odontological data, wvia the jawline of his beard and
his clothing effects.

A fragment of striated muscle and a fragment of
the stomach wall were removed for analysis. A search
for toxic or medicinal substances was carried out
under the same conditions as those described above in
relation to the pilot. No evidence was Dbrought to
light of any of the substances sought.

The search for ethyl alcohol was performed
under the same conditions as for the Captain. It
produced the following results: 0.90 mg/g (milligrams
per gram of moist

tissue) in the muscle specimen and 0.31 mg/g (idem) in
the stomach wall specimen.

It 1is difficult to interpret the results of
alcohol dosage on tissue debris which has been host to
complex bio-chemical changes. If we interpret them
with a large degree of caution, these results enable
us to imagine the post-mortem neo-formation of ethyl
alcohol in the muscle fragment as a result of the
fermentation of sugars originating in the muscular
energising substrates. Nevertheless it seems that the
quantity of ethanol measured (0.90 mg/g) is too high
to be attributed solely to this factor. On the other
hand, the concentration measured in the stomach wall,
which does not exhibit the same richness as the muscle
in terms of energising substrates, seems as though it
must be a far Dbetter indicator of the blood
concentration of ethyl alcohol at the time of death.
The Commission cannot therefore exclude the hypothesis
that his blood alcohol level was not zero at the time
of the accident. This being the case, it is possible
to retain the 1level of 0.30 g/l as being the most
probable alcohol level at that instant.

The co-pilot exhibited the metabolic and
enzymatic signs generally found among regular
consumers of alcohoic drinks, although they were by no



means sufficient to give rise to any ruling of
unfitness. It 1s thus possible to surmise that a
certain level of consumption of alcoholic drinks by
this individual was quite customary.

The available evidence shows, with due
deference to caution, that the co-pilot probably
consumed a certain quantity of alcoholic drinks on a
regular basis and that, at the time of the accident,
his blood alcohol level was less than or equal to 0.30
g/l. Based on the hypothesis that his alcohol level
was not zero, and taking into account the imprecision
of current scientific data, it 1s not absolutely
possible to evaluate what could have been the co-
pilot's blood alcohol level at the time he began his
duty that day.

CHAPTER 1.15 - FIRE

The anatomical and toxicological analyses
performed on the wvictims allow us to conclude that no
fire nor any release of toxic fumes occurred before
the impact. In fact no traces of smoke, gas or matter
were found 1in the respiratory systems of these
victims.

Three fire sources were discovered on the site
of the accident (see the sketch in Appendix 4).

The aircraft's flight log allows us to estimate
the quantity of fuel still present in the tanks at the
time of the accident at approximately 4,500 litres.
Part of the kerosene could have been atomised at the
site when the wings were torn off.

Although it has not been able to be identified
formally, the most probable origin of the fire sources
was the ignition of the kerosene coming into contact
with heated parts of the engines.

In its vapour state, kerosene can be ignited in



the presence of a flame or a spark as soon as the
temperature reaches 42 °C ("flashpoint"). In its liquid
state, in contact with a source of heat at a
temperature above

250 'C, kerosene self-ignites.

In relation to the spread of the fires, the one
located in the forward area was the most significant.
It probably broke out at the time of the impact or
very shortly afterwards. Tests carried out on pieces
of titanium-based alloy and aluminium-based alloy
mixtures demonstrated that the maximum temperature to
which these parts of the wreckage were subjected was
of the order of 700 °C.

The fire 1located in the central area, to the
right of the fuselage, appears to have spread by
delayed action, as a result of the discharge of fuel
which undoubtedly came from the remains of a tank in
the right wing. In fact, a survivor whose ankles were
seriously injured gave evidence that he was Dburned
well after the crash despite his efforts to get away
from the fire that was in progress. It would appear,
also according to his evidence, that two passengers
who survived but were very seriously injured, were
overtaken and burned alive by the spread of the
burning fuel.

The fire in the rear section was less extensive
than the first fires. It seems to have been fed
essentially by the fuel intended for the APU. The CVR
and DFDR recorders were found in this area. The tests
carried out on these recorders (see para. 112.15)
enabled the temperature reached on one side of the
DFDR casing to be estimated at 700 °C. Analysis of a
cluster of aluminium alloy in which some copper wires
were wedged, together with an aluminium plate, allowed
the further estimate to be made that locally in the
rear section, the maximum temperature attained was
somewhere between 500 and 800 to 1,000 °C.



CHAPTER 1.16 - QUESTIONS RELATIVE TO THE SURVIVAL OF
THE OCCUPANTS

116.1 - Aspects relative to the cabin

116.11 - Instructions and procedures relative to the
cabin crew

The instructions and procedures relative to the
cabin crew (PNC) and flight crew (PNT) set out in the
following section are extracted from the Operations
Manual in force at Air Inter at the time of the
accident.

The actions of the cabin crew are controlled by
the actions of the flight crew. Before the descent,
the flight crew announce over the public address
system that the descent is imminent. When passing
level 100 during the descent, the pilot at the
controls (AP) announces 10,000 feet, the pilot not at
the controls (NAP) places the "Fasten Seat Beltg"
switch in the "ON" position. Before landing, the
lighting of the "No Smoking" sign is operated by the
downlock of the landing gear (when the "No smoking"
switch has been placed on AUTO by the flight crew).



116.111 - Statutory composition of the cabin
crew

For less than 200 passengers the basic cabin
crew 1s made up of 4 members, one of whom is a Chief
Steward (C/S), allocated as follows:

C/S seat Al forward left entrance
PNC A2 cabin crew member seat A2 forward left
entrance
.PNC A3 cabin crew member seat A3 rear cabin,
in the aisle next to the last row of geats
PNC A4 cabin crew member seat A4 rear left
entrance, in the rear vestibule.

116.112 - Procedures followed by the cabin crew

Descent

When the "Seat Belt" sign is illuminated C/S
makes the specified announcement or ensures that it
has been made. A2 and A3 check that all the passengers
are seated with their seat belts fastened and that all
the overhead luggage lockers are closed, then A2, A3
and A4 check the potentially hazardous areas (rubbish
bins, ashtrays, Cabin Attendants' Panel, water heater
power cut-off, toilets), Al checks that the "Caution"
light is extinguished, A2, A3

and A4 notify the Chief Steward, who in turn reports
to the Captain.

.Before landing

When the "No Smoking" sign is illuminated C/S
makes the announcement "Please place your tables in
the wupright position" or ensures that it has been
done. A2 and A3 check that the tables have been placed
in the upright position, that the toilets are free,
and that there are no objects blocking the aisles or
impeding access to the overwing exits. A2 and A4 check
that the galleys are locked, A2 and A4 open and secure
the curtains, A2 and A3 open the mobile curtain.

All the cabin crew must be seated with their
seat belts fastened by the time the C/S calls over the

intercom, at the latest.
116.12 - Cabin configuration during descent and
at the time of impact
According to the CVR transcription, the

announcement by the cabin crew that descent had begun
was made 12 mins 31 secs before final impact. It does



not appear that there was any kind of announcement by
the flight crew over the public address or the
intercom.

Two minutes later, the cabin crew requested the
passengers to fasten their seat belts. This
announcement seems to have followed the action of the
flight crew in illuminating the "Fasten Seat Belts"
sign. The aircraft passed level 100 during descent,
the co-pilot executed his checklist and announced
"Seat belts on".

The landing gear extension lever was activated
55 seconds before impact, the announcement by the
cabin crew to check that seat belts were fastened and
tables in the upright position began 43 seconds and
ended 11 seconds before impact.

The stewardess in the A4 position had her seat
belt fastened. According to her evidence, her
colleague, seated normally in the A3 position, offered
to carry out the cabin check while she, before putting
on her seat belt, finished clearing away and locking
the galley.

It appears that all the ©procedures were
followed within a relatively short space of time.

All the passengers most probably had their seat

belts fastened at the time of impact.

116.13 - Distribution of the accident survivors
on board the aircraft

Eight passengers and a stewardess survived the
accident. Out of these nine survivors eight were
located in the extreme rear section of the cabin. The
ninth survivor was sitting in row 14 next to the
window in the middle of the left wing section (see
diagram of the distribution of survivors in Appendix

5). This passenger, the victim of multiple fractures
to his ankles, seems to have been ejected at the
moment of impact (he remembers perfectly being

strapped a 1little 1loosely in his seat belt, and
regaining consciousness outside the aircraft) .

116.14 - Causes of death

The victims suffered an extremely violent
frontal impact. In addition, a certain number of them
were either completely or partially burned to death.

No traces of soot or pulmonary oedema were
found when examining the upper air passages and the
lungs, factors which would have been the sign of a



fire or an explosion before impact.

All the +victims had experienced multiple
traumatisms. Certain lesions were frequently noted in
the areas of the head, the pelvic girdle and the
extremities of the lower 1limbs by the doctors who
examined the bodies. According to these doctors, the
lesions observed in the head area could have been due
to the impact against the structure of the seat back
situated in front of the passenger. The lesions in the
pelvic girdle were probably due to the safety belts
which, as far as can be ascertained, were not torn
off. The lesions in the extremities of the lower limbs
could have been accounted for by the lower part of the
seat structure and by the fixtures attaching the seats
to the floor of the aircraft.

According to the report of the Institute of
Forensic Medecine in Strasbourg, these wvarious lesions
caused the immediate deaths of eighty one wvictims
(included in this category were the two presumed

victims whose remains were not identified). The same
report states that, of the sgix wvictims whose death
occurred after impact, two would ©probably have

survived if the emergency services had arrived within
the first two hours (they died

while being taken to ambulances. The four others might
perhaps have had a chance of survival if the emergency
services had arrived within the first thirty minutes.

116.15 - Resistance of seats and seat belts

116.151 - Material tested

Although a selection of seats and seat support
rails was made at the site of the accident for
official testing purposes, only one part of these
items was able to be examined. Seats located to the
front and the middle of the aircraft which had been
selected for subsequent testing were not correctly
separated from the rest of the wreckage and were
destroyed.

The only items preserved were the three seats
from row 29 left and a rear support of a seat whose
position on the aircraft is unknown.

116.152 - Reminder of seat resistance standards

The seats with which F-GGED was fitted were
designed, in accordance with prevailing standards, to
withstand the following G load factors in a static
position:



2 g from above (g=9.81 m/s”)
9 g from the front

1.5 g in lateral

4.5 g from below.

116.153 - Results

The outcome of the analysis on the seats from
row 29 left was as follows: the fracturing and
distortions observed were probably caused by bending
stresses under the effect of a load factor exerting
itself primarily along an axis horizontal and parallel
to the longitudinal axis of the aircraft, and applying
itself to a row of seats which was loaded
dissymetrically (only one passenger sitting next to
the window: see the diagram in Appendix 5 showing the
distribution of the survivors on board the aircraft).

The outcome of the analysis on the rear seat
support was as follows: the support broke by flexing,
probably under the effect of torque forces. It should

be noted that the stresses sustained were
multidirectional and greater than those sustained by
row 29, whose rear supports were not apparently
distorted.

These tests do not allow a precise evaluation
to be made of the load factors to which the seats were
subjected, all the more so as the stresses could have
been applied along different directions between the
moment the aircraft hit the ground and the time it
came to a standstill.

Neither do they offer any significant
additional reasons to explain the number and the
distribution of the survivors.

It is appropriate to note at this point that as
far as the seat characteristics are concerned,
specifications have since changed. This type of seat
is no longer used for commercial reasons and because
it contains too much polycarbonate-based upholstery,
dangerous in the case of dimpact. In addition, new
toughness standards have been 1laid down for seats
fitted to the new types of aircraft: the load factors
applied during static resistance tests have Dbeen
increased for certain directions of application (e.g.
4 g laterally, instead of 1.5 g), while resistance
conditions for seats subjected to dynamic tests have
been introduced and criteria relating to survival
conditions on impact have been reinforced. The type of
seat fitted in
F-GGED, successfully undertook tests to demonstrate
conformity with the new standard with respect to Head
Injury Criteria (HIC).



116.2 - Organisation of searches

116.21 - Statutory considerations

The organisation and operation of search and
rescue services for aircraft in distress during
peacetime are laid down by the interministerial order
of 23 February 1987.

This order assigns overall authority for
operations to the responsible Centre for Co-ordination
and Rescue (RCC) within the geographical area
concerned. This body is subject to the area control of
the Air Force Operational Command.

In particular the RCC determines the probable
accident area and the areas to be searched. It is
responsible for the overall conduct of search
operations and directly controls aerial resources,
whereas the conduct of terrestrial emergency service
operations is delegated to the Prefect of the
Department.

The organisation of, and the procedures applied
by the Air Alert Service are fixed by the Air Traffic
Order (RCA 3-7 & 5-6). In the event of simultaneous
loss of radio and radar contact, the lead times before
emergency procedures are set in motion are
respectively five minutes for ALERFA and ten minutes
for DETRESFA.

The order of 23 February 1987 is backed by the
SATER protocol agreement of 8 September 1987 which
specifies how the wvarious stages of ground search
operations are to be organised.

The procedures involved are respectively
SATER/1 (request for information not implying any
shift in position), SATER/2 (ascertaining an area from
the local population specified in the maximum possible
detail) and SATER/3 (thorough searches on the ground
when the sector in which the aircraft is being sought
is pinpointed with sufficient certainty) . The
triggering of SATER/3 leads to the establishment of a
permanent liaison between the RCC and the relevant
Prefecture.

116.22 - Progress of searches

The Commission has reconstructed in summary



form information on search and emergency operations
taken from reports drawn up by the RCC at Drachenbronn
and the Prefecture of Bas-Rhin (Lower Rhine), along
with evidence gathered by the police.

The alert was activated at 18.31 hours by
Strasbourg Approach who informed the Centre for Co-
ordination and Rescue (RCC) at Drachenbronn, the Reims
Control Centre (Eastern CRNA) and the Prefecture of
Bas-Rhin (18.34 hours).

At 18.34 hours, the RCC set 1in motion the
SATER/2 plan in conjunction with the Prefecture, in an
area centred on Mont Sainte-Odile. This procedure was
confirmed to the Director for Civil Defence and the
Strasbourg Police Division at 18.39 and 18.43 hours
respectively. At 18.56 hours, the Prefecture asked
amateur radio enthusiasts to look for a possible
transmission on the distress frequencies (121.5 and
243 Mhz) .

At 19.09 hours, the Prefecture, at the request
of the RCC, set in motion the SATER/3 procedure in a
primary search sector between Mont Sainte-Odile and
Andlau. At 19.30 hours this was extended to a four-
sided area bounded by Mont Sainte-0dile, Barr, Andlau
and Le Hochwald.

An Alouette III of the Civil Security based at
Strasbourg-Entzheim airport, took off at 19.13 hours.
This aircraft performed visual searches to the west of
a line joining Barr with the Chateau de Landsberg.
This area was within the specified four-sided area but
did not totally cover certain mountain-tops, including
Mont Sainte-Odile and La Bloss, which were covered by
cloud formations.

At 19.20 hours the amateur radio enthusiasts
reached Mont Sainte-0Odile. They heard no ELT distress
signals. In consequence, twelve teams of two radio
amateurs spread out over the area to take part in
ground searches.

The RCC gave orders to two Puma helicopters
equipped with night-vision binoculars to take off at
19.40 and 21.32 hours respectively. In view of the

flight conditions  encountered (night flying in
mountains with sharp ridges and risk of icing), these
searches, which were ultimately fruitless, were

carried out clear of cloud below 600 m QNH.

At 18.41 hours the RCC requested that the
Drachenbronn radar recording be restored and similar
steps were taken by Eastern CRNA. The corresponding
recordings were not made available to the RCC until
20.10 and 22.04 hours respectively, given the



techniques which existed for restoring radar flight
paths in these Centres on the date of the accident and
the prevailing procedures governing their
implementation. These factors only allowed the RCC to
redefine and reduce very gradually the range of ground
searches from the extent specified at 19.09 and 19.30
hours.

Search operations were thus <carried out
primarily wusing ground-based resources directed from
an operational command post (PCO) which was installed
at 20.45 hours in the Barr police headquarters. The
resources with which these operations were conducted
grew in relation to the data available to the PCO and
the RCC. Their main components were as follows:

- from 19.40 to approximately 21.00 hours, 24

police patrols combed, by road, the first

four- sided area bounded by the Andlau and de Ville
valleys and the Obernai-Ottrot sector.

- from 20.00 hours, the rescue centres

of Ville, Schirmeck and Urmatt
carried out search operations
within a sector situated to the west of Mont
Sainte-0Odile for approximately 5 km.

- at 20.15 hours, the RCC confirmed the search

area specified at 19.09 hours, requesting that
investigations be concentrated in the

Buchenberg region. Two police patrols

were despatched to the area; their

searches proved fruitless.

-as a result of the indications given to the

PCO by two Air Inter representatives concerning
the spot overflown by the A320 when it last had
radio contact (Breitenbach), three search areas 3
km on each side were defined at 20.45 hours,

arranged in descending order of priority.

Area N1 was centred on La Bloss and the
intention was to deploy the forces of the Mobile Guard
as soon as they arrived, in an operation to comb this
sector with the aid of firefighters and mountaineering
guides from the Club Vosgien.

Deployment of the wvarious search teams within
this area was carried out from 21.00 to 21.35 hours:

-at 21.25 hours, the RCC requested the

stepping- up of search operations along a
line radiating at 320° from the Chateau de
Landsberg towards point 826 (La Bloss).

-at 22.04 hours, the RCC gave the Prefecture



the co-ordinates of the last plot recorded by
the Eastern CRNA (48° 25' 37N; 007° 24' 42E),
stating that the aircraft could be located at
hill 826 (La Bloss).

-at 22.10 hours, an Army regiment (200 strong)
was asked to begin combing area N’ 2 (mission
cancelled at 22.20 hours as a result of the
latest evidence received which confirmed that
search operations were being focussed on the
La Bloss mountain area).

An able-bodied survivor was able to reach the
road and point out the exact site of the wreckage.
This enabled a detachment of Mobile Guard to reach the
wreckage at 22.35 hours.

It must be pointed out that a considerable
number
of private vehicles converged very gquickly on to all
the
roads leading to Mont Sainte-0Odile, as a consequence,
it would appear, of news announcements broadcast by
the media (especially local radio).

Note: Resources utilised:

- Police (Mobile Guard and Territorial Police): 350
persons,

- Air Force and Army: 400 persons,

- State Security Police (CRS): 100 persons of which 24
were motor cycle police responsible for controlling
traffic and access to the site,

- Civil Security: 100 persons,

- Radio amateurs: 24 persons,

- Two Puma helicopters from the ALAT,

- One Alouette III Civil Security helicopter.

116.3 - Organisation of emergency operations

116.31 - Statutory consideration

In pursuance of the law of 22 July 1987
relative to the organisation of civil security,
Prefectures must draw up an emergency plan called the
"Red Plan".

The Red Plan in force in Bas-Rhin, approved by
a prefectorial Order on 11 June 1990, covers the
deployment of emergency resources and medical aid in
circumstances where normal resources would rapidly be
exhausted but which do not necessitate the
implementation of the ORSEC plan.



116.32 - Progress of emergency operations

The Red Plan was put into action at 18.40
hours. Organisation of the operational command post
(PCO) was carried out under the following
circumstances:

-the PCO was set up at the Barr Police
Constabulary. The sub-prefect, director of
emergency services, the superintendent colonel

controlling emergency operations (COS) and
the colonel in charge of the police detachment
remained exclusively at this command post.

-the mobilisation of emergency medical
resources, in accordance with a
procedure laid down by the Departmental

Red Plan, was carried out at the
Obernai Emergency Centre, designated as the
Point of First Destination (PFD) for all services.

These localities were chosen in view of their
position close to the search area covering the two
main access routes to the mountain (Barr and Ottrott) .

When the wreckage was discovered, first aid was
administered by those first to arrive, i.e. the police
Mobile Guard who are all qualified first aid
personnel. They were quickly joined by three military
doctors and one or two civilian doctors.
Reinforcements were urgently requested and the
survivors were all located by 23.00 hours.

Before the arrival at approximately 23.20 hours
of the first column of emergency aid vehicles from
Barr, four people who according to the military
doctors were fit enough to be transported were
evacuated by the police Mobile Guard to the La Bloss
car park, where the first emergency vehicles were
stationed, either on men's backs or arms or even with
the aid of makeshift stretchers.

Seven other people were evacuated between 23.20
and 00.15 hours by similar means. Some of them were
examined and given medical treatment on the site by
military doctors.

The second column of emergency aid wvehicles
coming from Obernai wvia  Ottrott and carrying
stretchers arrived approximately 45 minutes after the
first. After a difficult climb due to the condition of
the roads and congestion caused by curious onlookers,
the siting of the vehicles was complicated by the
presence of a large number of other vehicles (other
emergency services, public order officials, idle



onlookers, journalists).

On their way up the mountain to the site of the
accident the doctors and first aid personnel passed
the column of vehicles on its way down. The injured
were accordingly transferred onto stretchers and
transported to the rescue headquarters where the
ambulances were located.

From approximately 01.30 hours onwards the
operation to transfer the victims to hospitals in the
region began.

Two victims died during the initial evacuation
(from the site of the accident to the ambulances).

CHAPTER 1.17 - TESTING AND RESEARCH

117.1 - Technical analysis of propulsion systems, the
APU, and the fuel

117.11 - Technical analysis of engines

Detailed technical analysis of the two engines
was carried out at SNECMA, in its technical facility
at Villaroche.

Dismantling operations consisted of separating
the forward and rear modules (i.e. the fan module from
the low pressure turbine module) and of disassembling
the high pressure module.

The relevant findings are summarised in the
following section and are applicable to both engines.

117.111 - Low pressure (LP) rotors: fan, LP
compressor and LP turbine

During the phase when the aircraft was
ploughing through the trees, the LP rotors were
revolving, as demonstrated by the widespread presence
of the air duct Dby vegetation debris (especially
sawdust) up to the level of the exhaust flange. This
general contamination had spread to the LP compressor,
the combustion chamber, the HP (high pressure)
diffuser and the LP turbine.

On impact with the ground, the LP rotors had
rapidly decelerated and were either no longer rotating
or were turning at very low speed. In fact:

-most of the fan vanes were buckled in the
direction of rotation and towards the rear.



This was the result of the distortion of the fan
casing following the collision
with the ground,

-the blades and/or fixed blades of the LP

turbine were buckled and/or snapped
exclusively to the right of the distortions
in the casings. This damage proves that
there was not enough power in

the rotors to force the vanes to move

to the right of the distortions in

the casings.

117.112 - High pressure (HP) rotors

The blades in the compression stages were
either broken or buckled in the direction opposite to
the

direction of rotation, as a consequence of radial
friction on the casings. This finding enables us to
confirm that the HP rotors were revolving during the
entire phase in which the aircraft was ploughing
through the trees.

117.12 - Reverse thrust mechanism

As far as the reverse thrust mechanism 1is
concerned, analysis of the ACARS and QAR data shows no
anomalies, whereas any major failure would have
appeared in the form of a "Class 2" malfunction
message, transmitted by ACARS.

In addition, X-ray analysis was carried out on
two of the hydraulic actuator controls in the
reversers. These confirm that the actuators were in
the locked position (reverse thrust mechanism non-
active) .

117.13 - Technical analysis of the APU

The APU was practically intact. The air intake
duct and the air intake screen were clean and clear of
any sign of the ingestion of branches or pine needles.

At the site, the air bleed wvalve was found in
the closed position. The fact that the APU was clean
(unlike the engines) and the air wvalve closed shows
that the APU was not in operation at the time of
impact.

The company's flight instructions do not allow



for 4dits wutilisation in flight except in emergency
conditions or on landing in very specific
circumstances. No such conditions or circumstances
prevailed in Strasbourg on that day.

117.14 - Fuel

According to the weight and load distribution
sheet completed by the crew, the weight of fuel on
take-off from Lyon was 5,700 kg. Air Inter had
replenished the tanks with 2,800 1litres at the
airport.

An analysis of the fuel - kerosene type "JET
Al" -sampled at Lyon, was carried out at the
Propulsion Test Centre (CEPr) in Saclay. This fuel
meets the required
technical specifications.

Among the parameters recorded in the QAR is the
fuel flow (FF) which measures the consumption of fuel
by each engine. This consumption, at constant
altitude, is a

function of the power rating of each engine. An
analysis of the QAR during the stage before the
projected landing, (for example, from QAR time 2628 to
QAR time 2980) indicates that the two FF parameters of
the two engines were perfectly in keeping with the N1
parameters designating the power ratings of the
engines.

The engines were therefore supplied quite
normally with fuel for the entire duration of the
flight. Estimates made of consumption put the quantity
of fuel remaining at 3,700 kg.

117.2 - Technical analysis of components from ATA 22,
27, 31, and 34

117.21 - General method

The search for a possible failure of a system
from ATA 22, 27, 31 and 34 was carried out using the
following documents and recordings:

- documents relating to F-GGED in particular:
the ACARS of the Lyon-
Strasbourg flight
. the PFRs of the preceding flights
the CRMs and TSAs (technical facts)
the Technical Log
the last Type A inspection



. the incident reports drawn up by the
captains and chief stewards.

-documents relating to the A320 used by Air
Inter:
NIT, CRM and TSA (technical facts),
database.

-documents relating to the A320 in general:
Flight Manual, FCOM, OEB, TR, AOT, TFU,
CN, SB, the certification document
"System Safety
Assessment of the Flight

Management and Guidance
System".
-the available recordings:
QAR, CVR;
Non-volatile memory (CFDIU, FMGC,
VOR, DME) ;
ACARS, PFR;
ATC frequency, radar;
-items from the wreckage:

FCU rack, PHR screwjack,...;

-aeronautical information documents (AIP,
NOTAM) :

List of radio navigation stations
declared inoperative, verification of beacon
co- ordinates contained in the database.

-simulations

(for example to determine flight mode,

not recorded on the
QAR)

-The reports from in-flight inspections of
radio navigation stations.

-occurrences notified by Operators.

All these documents were supported by specific
test notes supplied by the Civil Aviation
administration, the Operator, the manufacturer and
equipment suppliers at the request of the Commission.

117.22 - ATA 31 equipment. Electronic display
systems

117.211 - Electronic Flight Instrument Systems

The QAR and ACARS recordings show that the
component parts of electronic display equipment for
flight and navigation purposes (EFIS) were in their
rated configuration and no faults were detected. The



CVR  transcription contains no mention of any
malfunctioning of the display systems (EFIS).

117.212 - The HUD (Head Up Display)

Five minutes before the accident, the HUD
OHU/IDHUD message was transmitted by the ACARS system.
This message can mean that the HUD has been made
'live' but has not vyet Dbeen displayed, or that an
internal problem in the viewer lens, has, for example,
manifested itself by the disappearance of the
symbolology. However, this message does not indicate a
fault 1likely to <cause the display of erroneous
information. Listening to the CVR provided no
additional information.

117.22 - ATA 22 equipment

117.221 - The FCU

117.221.1 - F-GGED was equipped with the FCU
S/N 200.

An historical record has been drawn up of the
modifications carried out on the FCU S/N 200 together
with the maintenance operations it had undergone since
its delivery to Air Inter:

This FCU was installed on F-GJVE on 12 August
1991. It was taken out on 14 September 1991 following
a problem with speed selection (whatever the
selection, the display window only showed a white
point followed by dashes signifying a managed
parameter) . Installed on F-GJVB on 8 October 1991,
the FCU was taken off on 11 December 1991 to allow for
the application of the SIL (Service Information
Letter) procedure, which is designed to remove the
risk of interference on certain VHF frequencies. Re-
installed on 13 December 1991 on F-GGEB, it was
removed on 15 December 1991 as a result of
interference to certain VHF frequencies. It was re-
installed on 19 January 1992 on F-GGED, as a
replacement for the FCU S/N 143 which showed evidence
of a lighting fault connected with a rotary knob for
selecting map scales.

The application of Service Bulletin (SB)
instructions relating to the FCU was checked
subsequently by Sextant, the equipment manufacturers:
the Bureau Veritas examined the entire follow-up file
on this equipment. No anomalies were found.



In particular, modifications carried out to
raise it from the "K217 AAM5" to the "K217 AAM5 ABC"
standard complied with the definition approved by the
official authorities and became effective on 20
November 1990.

The technical report on F-GGED, dated
20 January 1992, mentions the recent installation of
this FCU on F-GGED. On the day of the accident, the
FCU totalled 597 flying hours, 8 of them since its
installation on F-GGED.

117.221.2 - The sole components of the FCU
recovered from the site were the forward panel and two
of the integrated circuit boards belonging to its
computers: the ARINC board of the FCUl computer which
does not contain any non-volatile memory, and a CPU
board whose EEPROM component was destroyed.

The panel had been seriously damaged by the
accident. The positions of some rotary switches and
selector knobs had Dbeen noted on-site Dby the
investigators:

-the ND1 display mode selector switch was in
the VOR ROSE position, the ND2 display mode
selector switch in the PLAN position;

-the scale selector switches on sides 1 and 2
were in the 10 NM position;

-on the captain's side, the n’ 1 ADF/VOR
selector switch was missing; the n’° 2 ADF/VOR
switch was on VOR;

-on the co-pilot's side, the n’ 1 ADF/VOR
selector switch was in the neutral position,

whereas the n’ 2 switch was on VOR.

The FCU was tested at Sextant, the equipment
manufacturers, in the presence of an investigator from
the BEA.

117.221.3 - It was found that:

-The Liquid Crystal Displays (LCDs) and the
encoders were badly damaged or absent. It
must be noted that it is not possible to
ascertain the wvalues displayed after a 1long
interruption to the power supply.

-The mechanical components were damaged or



absent. The VS (or FPA) vertical speed
selector switch was jammed. It must be noted
that the position of this button is in no way
indicative of the 1last parameter wvalue
selected.

-The other rotary selectors were broken or not
jammed. On the captain's side, the display
mode selector switch was in the "ILS"
position and the scale selected was 20 NM. On
the co-pilot's side these switches were on
"PLAN" and 10 NM. It was noticed that the
position of the selector switches varied

between the time they were noted down at
the site (see above) and the time when the
FCU was examined at the equipment

manufacturers. It is not possible to confirm
that the VOR/ADF selector switches, the
display rotary selectors for the navigation
screens and the scale selection rotary
selectors stayed in the same positions they
were at the time of the accident.

-The HDG-VS, TRK-FPA mode selector button was
submitted to a test which demonstrated that
electrical supply from the circuit-breaker
was continuous but could not prove that the
system operated correctly when this button
was pressed.

-The EEPROM component of the CPU card was
destroyed by the accident.

In conclusion, it was not possible during these
evaluations to establish either the display mode or
the scale selected by the non-acting pilot (NAP).
Neither was 1t possible to make a judgment as to
whether, just before the accident, components of the
flight mode acquisition and processing mechanism,
together with the assigned value selected by the pilot
were actually functioning.

117.222 - CFDIU equipment

The S/N 393 CFDIU (Centralized Fault Data
Interface Unit) had been recovered at the site of the
accident. It was subjected to an examination at the
premises of the equipment manufacturer in the presence
of a BEA representative.

Damage incurred made the reading of its non-
volatile memory impossible.



117.223 - FMGC equipment

117.223.1 - F-GGED was equipped with two FMGC
computers. Their serial numbers were as follows:

FMGC side 1: S/N 126
FMGC side 2: S/N 79.

These i1tems conformed to the most recent
standard (ISB: Intermediate Standard N’ 8).

117.223.2 - Examination of the FMGC computers

Among the few items recovered at the site and
identified as part of these computers, only the EEPROM
component of the COM card of FMGC2 could be read.

An analysis of this memory unit provided no
further information than that obtained by analysing
the QAR. This information is set out in the section
below.

117.223.3 - Analysis of the QAR recording

Except during the 1last few seconds of the
flight, when the recording medium was too damaged to
be analysed, the QAR indicates that neither of the two
FMGCs was stated to be faulty.

The positions calculated by FMGCl were recorded
on the QAR. The maximum margin found between the FMCG1l
flight path and the so-called synthesised flight path
(see para. 117.8) was approximately 0.15 NM. To give
this an order of magnitude, when the updating method
for the FMS position is "DME/DME", the position can be
calculated with an accuracy estimated at better than
0.28 NM.

117.223.4 - Examination of the DATABASE

Characteristics (especially geographical co-
ordinates and range) of the VOR and DME ground-based
radio navigation stations are contained in the
DATABASE used by the FMS to select and operate these
methods of navigation. The characteristics of the
stations 1likely to have been used during the flight
were investigated.

In addition, it was noted that the Strasbourg
VOR and TACAN stations were stated in the DATABASE to
be "non co-located".



F-GGED was equipped with pin-programming, which
automatically removes at the end of a flight any
waypoints set up during this flight. This eliminates
the hypothesis that a waypoint spelt ANDLO, created by
the MCDU during a preceding flight and allocated with
co-ordinates adjoining those at the published point,
could have been included in the DATABASE.

117.223.5 - Examination of the ACARS messages

None of the ACARS messages makes mention of any
malfunctioning of an item of equipment within ATA 22.

117.223.6 - Examination of the CRMs of F-GGED

The investigators had initially retained for
further analysis the CRMs reporting transitions in
Speed-VS mode in Idle/Open Descent mode.

Such a malfunction is not relevant to the
accident, as the figures produced by a number of the
parameters recorded show that the aircraft was not in
Idle/Open Descent.

As far as the radio altimeters were
concerned (ATA 34), CRMs reported certain malfunctions
which led to the sending of an associated ACARS
message. This was not the case here.

In the case of the FMGC computers, one CRM
reported that it was impossible to select the display
of VOR

read-outs on the Navigation Display screen from the
left-hand panel (the EFIS control ©panel). This
malfunction is not relevant to the accident as the QAR
indicates that the pilot on the left was in VOR Rose
mode.

Other CRMs notified instances of "Time Out". In
such a case, the APl would have been disconnected and
the occurrence would have been recorded on the QAR.

117.223.7 - Technical failures encountered:

As far as control of the descent by the pilot
is concerned, possibile technical failures encountered
are as follows:

-faulty operation of the reference control
selector button for the HDG-VS <---> TRK-FPA
trajectory;



-faulty operation of the rotary selector switch
for the VS or FPA consigned value;

-fault 1in one or several segments of the
display window;

-untimely mode activation: for example,
engaging descent mode by simply rotating the
selector without performing the action of
first pulling on this switch.

As far as acknowledgement of the descent
command
and 1its transmission to the FMCG 1is concerned,
possible technical failures encountered involve all
types of corruption of data processed, such as for
example corruption causing the Autopilot to execute a
command at variance with the one selected by the pilot
(see para. 117.63).

117.23 - ATA 27 equipment

The ATA 27 documents relating to F-GGED and
those relating to the A320 in general were examined.
None of the malfunctions which form the subject of
these documents were accepted as possible causes of
the accident.

The circumstances of the accident prompted the
investigators to examine in more detail the systems
employed in monitoring the longitudinal flight path:
the elevator control surfaces mechanism, the control
mechanism for the adjustable horizontal stabiliser,
the leading edge slats, the flaps and the spoilers.

An examination of the wreckage, the technical
analyses undertaken, the parameters recorded on the
QAR, the transcription of the CVR and the ACARS
recording demonstrate that:

-the spoilers were operating correctly;

-the position of the wing slats and the flaps
corresponded to the configurations selected
and announced by the crew;

-the adjustable horizontal stabiliser and the
elevators were at all times in positions
which were consistent with the commands of an
Autopilot which was flying according to the
parameters of the flight path which were
actually being implemented by the aircraft,
their main objective being to maintain a
constant vertical speed. The hypothesis that
there was some kind of corruption specific to



an ATA 27 system, to an operating parameter
of the Autopilot, is therefore ruled out.

-the ELAC2 computer which controls the pitch
control was not found to be faulty. (In the
event that this computer is faulty the ELAC1
replaces it).

In conclusion, no evidence was found of a
malfunction of an ATA 27 system.
117.3 - Technical analysis of radio navigation

equipment on board

117.31 - General method

The crew and the FMS utilised the VOR and DME
methods of radio navigation during the last turn and
the final approach. The information provided by these
systems was presented to the crew in the form of raw
data and was also used by the FMS to calculate the
position of the aircraft. Investigations into possible
failures of these systems were conducted wusing the
same methodology as that described in para. 117.2 in
relation to the systems of the elevator mechanism.
They chiefly consisted of the analysis of malfunctions
identified up to December 1992.

The ILS and ADF systems were not examined in
the course of the Inquiry.

117.32 - Collins-700 DME equipment

117.321 - F-GGED equipment

F-GGED was equipped with two Collins-700-020
DME devices:

DME side 1: S/N 1613 installed on 12 July 1991,

DME side 2: S/N 1683 installed on 9 August
1991.

This type of DME was specially adapted for
installation 1in the 2A320 and other new-generation
aircraft (e.g. the B747-400), so that it could be
integrated into the maintenance systems by means of an
interface with the CFDS system.

DME distance data are displayed on the
Navigation Display screens and on the DDRMI. They are
not recorded.



117.322 - Modifications since certifkcatkon

Since the date of certification of this
equipment, modifications carried out to the hardware
and amendments made to 1its operating procedure have
been as follows:

-on 20 June 1991, Collins distributed to all
Operators of aircraft equipped with Collins-
700 DME devices the Service Bulletin (SB)
DME-700-

34-20. This SB N°20 describes the modification
which should be carried out to prevent an
operating fault known as "SLEEPING MODE".

-On 14 August 1991, the Operators Information
Telex (OIT) N° ST/999.0140/91 recommended the
application of SB N°20.

-The Operations Engineering Bulletin  (OEB)
N’91/1, distributed in August 1991, outlined a
monitoring procedure for DME data, until such
time as SB N'20 covered by the modification
N'22638 was applied.

-The Temporary Revision (TR) N'113 of the Master
Minimum Equipment List (MMEL), distributed in
August 1991, demanded that the procedure
described in OEB N'91/1 be applied, but solely
in the case of flight with an FMGC.

-On 22 August 1991, Modification N'22638 was
approved, which made SB N'20 mandatory for
A320s.

-In September 1991, TR N’112 of the MMEL
demanded that two items of DME equipment be
operational at flight departure.

-In March 1992, OEB N'91/2, dealing with
sleeping mode and deaf mode, superseded OEB
91/1.

-In September 1992, OEB N'91/3, dealing with
sleeping mode, deaf mode and Jjump mode,
superseded OEB N°91/2.

The processing of OEBs led to the issuing of
Technical Information Notes (TIN) by the Flight Sector
at Air Inter and the TRs were transferred in the form
of corresponding Temporary Revisions into the
Operations Manual.



117.323 - Examination of DMEs S/N 1613 and 1683
installed on F-GGED

As the two items of eqguipment had Dbeen
recovered from the site, the non-volatile memory of
the BITE in these two DMEs was read at the premises of
the equipment manufacturer in the presence of a BEA
representative. During the flight which culminated in
the accident, none of the faults which might have been
expected to be recorded were stored in this memory.

117.324 - Examination of documents relating to
F-GGED

The aircraft's CRMs contained no information
which raised doubts as to the operating quality of the
DME processing system of F-GGED during the flight
which led to the accident.

117.325 - Examination of the DATABASE and the
NOTAMs in effect on the day of the
accident

The investigators examined the features (in
particular geographical co-ordinates and range) of the
DME and TACAN stations contained in the DATABASE which
are 1likely to have been wused during the Lyon-
Strasbourg flight (in France, Switzerland, Germany and
Belgium) .

In addition the NOTAMs relating to means of
radio navigation were examined in order to identify
any ground stations undergoing maintenance operations.

Finally, the military authorities confirmed
that no aircraft carrying an on-board TACAN station
was flying during the hour which preceded the
accident.

None of the facts discovered in the context of
these investigations was of a kind to cause an error
in calculation during the approach.

117.326 - Evaluation of the hypotheses of
malfunctions

identified as sleeping mode, deaf

mode and jumping mode

Comment : Data (frequency, distance, identification of
ground station) is transmitted on five pre-
assigned channels. One of these channels is
reserved for display (EFIS and DDRMI
screens). The FMGC computers do not perform
any probability tests on the DME distances



which are carried by this channel.
117.326.1 - "Sleeping mode" phenomenon

The fault known as "sleeping mode" is likely to
affect any item of Collins-700 DME equipment which has
not undergone the modifications of the Collins SB N°20,
irrespective of the type of aircraft on which it may
be installed.

This phenomenon is explained by the fact that
every 33.5 seconds the DME distance value is recycled
using the figure calculated at the moment the fault
appeared. Furthermore, it is impossible to tune the
DME to the frequency of another ground station.

When it detects sudden changes of distance
greater than 0.35 NM, the FMCG linked to the defective
DME automatically switches to pure inertial navigation
mode.

In addition, if the positions calculated by the
two FMCGs differ by more than 5 NM, the crew is
informed wvia the message "FMS1/FMS2 POS DIFFE"
displayed on the MCDUs.

OEB N°91/1 (repeated and amplified in March 1992
in OEB 91/2) describes the operational procedure
applicable by crews. This procedure recommends that
the two DMEs are tuned into the same frequency and
that a cross-check is made at regular intervals of the
distance data displayed on the Navigation Screens and
on the DDRMI.

When the phenomenon is detected, one re-
initialisation (reset) can be attempted by actioning a
reset of the circuit-breaker for the DME at fault.

Collins has laid down that SB N'20 (covered on
the A320 by Modification N’ 22638) is applicable for
the correction of sleeping mode.

SB N'20 had not yet been applied to the Collins-
700 DMEs installed on F-GGED.

Note: (The figures quoted below were given to the
Commission by the equipment manufacturers in the
middle of 1992).

Collins estimates that around 20 of the faults
reported may be cases of sleeping mode, but that only
six
of them have been able to be confirmed. An analysis by
the company of the number of hours flown by the entire
fleet of aircraft equipped with the Collins-700 has
enabled it to predict that the probability of a fault



occurring is 10° per flight hour (i.e. one case in a
hundred thousand flight hours). This statistic gives
an idea of the order

of magnitude, although its accuracy is difficult to
evaluate given the 1lack of certainty that all the
cases of "sleeping mode" have indeed been discovered
and then reported by crews.

No provision is made for this malfunction to be
recorded on the data recorders (DFDR, OQAR). Added to
this, the CVR transcription includes no references by
the pilots to the DME distances. Finally, the BITE
software used by the Collins-700 DME devices was not
capable of detecting or recording these malfunctions.

BITE is a software program designed to ensure
that the equipment is self-monitoring and to
facilitate maintenance operations upon it. It is
therefore programmed with the particular object of
detecting certain anomalies in the functioning of the
operational program. The memory allocated to protect
items of information relating to the anomalies
detected is non-volatile memory, arranged into tables
in which this data is ordered. The address of this
physical protection is calculated by the BITE
software. In the case of the sleeping mode phenomenon,
the BITE software procedures do not detect that a
storage address is taking up an excessive amount. An
item of data relating to BITE is then logged in the
memory reserved for the operational program, which
causes it to malfunction.

However, after examining the content of the
non-volatile memory stores of the DME devices, Collins
came to the conclusion that there had been no sleeping
mode during the approach. Their argument rests on the
simultaneous non-occurrence of three criteria which
distinguish the phenomenon. The hypothesis of a
malfunction associated with sleeping mode can thus be
refuted by a simple technical demonstration.

The validity  of this demonstration  was
confirmed by an independent technical evaluation
performed at CEAT (Toulouse Centre for Aeronautical
Testing) at the request of the Commission. CEAT found
inconsistencies and corruptions in the data recorded
by the BITE software in non-volatile memory. Also
according to CEAT, this program
showed evidence of design faults which lead to the
spillover of tables. Verification and testing
procedures carried out on the Collins 700 DME BITE
software did not show up these disorders before this
equipment was put into service.



117.326.2 - "Deaf mode" phenomenon

This fault is likely to affect any Collins-700
DME device which has not been modified in accordance
with the

requirements of Collins SB N°24, irrespective of the
type of aircraft on which it has been installed.

Although this fault was identified after the
date of the accident, the investigators considered it
to be a hypothetical failure relevant to the
circumstances of the accident.

The fault occurs in the following way:- when
the equipment is subjected to a voltage, five of its
memory zones are not initialised. However, their

contents are utilised to manage the scheduling of the
six tasks (Input, Output, Receiver Manager, Monitor,
Distance, Background) executed on each of the five
channels of the DME.

When the fault occurs, it prevents the
execution of one (or several) of the six tasks on one
(or several) of the five channels. It 1is not a

temporary malfunction.

The equipment manufacturer has confirmed that
deaf mode can only occur when the equipment is once
again subjected to a wvoltage after the DME's power
supply has been cut off for at least one hour.

It 1is possible that the fault is only
detectable in flight, for example if the FMGC or the
crew attempt to change frequency when the task
concerned (Input) cannot be executed on the channel
concerned.

The OEB dated March 1992 describes deaf mode
and recommends an operational procedure for detecting
the fault. Should this be necessary, the crew will
attempt to reinitialise by actioning a reset of the
circuit-breaker for the DME at fault.

Collins has laid down that SB N°24 (covered on
the A320 by modification N’ 23196) is applicable for
the correction of deaf mode.

The investigators were only aware of two cases:
the first was encountered in the 1laboratory, the
second during a flight on 15 February 1992.

The occurrence of this fault cannot be detected
on QAR or BITE recordings.



On the other hand, it was not normally possible
for the fault to occur on the Lyon stopover where, on
account of its short duration, the power supply to the
F-GGED equipment (in particular the DME) was not, in
all probability, interrupted.

117.326.3 - "Jumping mode" phenomenon

This fault was identified following the
accident. It 1is peculiar to Collins-700 DMEs,
irrespective of the type of aircraft on which they are
installed.

According to research carried out by Collins,
the fault should only occur at low DME* speeds, less
than 35 knots approximately. The maximum probability
of occurrence is obtained when DME speed is nil.

(Note* :the DME speed 1is the radial speed of the
aircraft in relation to the ground-based DME
station. If the aircraft is at a constant
distance from the station (for example during
the execution of an "DME Arc" procedure), its
DME speed is equal to zero.)

"Jumping mode" can affect any of the DME's
channels:

In the case of a channel used for display
purposes, the fault manifests itself in terms of a
sudden Jjump in distance between -4.25 and -5.45 NM
(the distance displayed is thus 1less than the true
distance) for 14 seconds, after which time the DME
software will have detected the discrepancy and
recalculated the true distance.

In the <case of a channel wused for the
calculation of FMS position, the fault can manifest
itself in the form of a drift from the position
calculated. Above FL 200 this drift is filtered and
consequently does not have an effect on the FMS
position. Below FL 200, the time constant of this
filtering is less, which can lead to a drift from the
FMS position. At its worst this drift does not exceed
2 NM.

OEB 91/3 of September 1992 outlines an
operational
procedure based on the cross-checking of DME data.

SB N'25 sets out the modification specified by
Collins for correcting jumping mode.

This malfunction 1s not recorded on the data



recorders (DFDR, QAR).

The CVR transcription contains no comments by
the pilots relative to DME distances.

The QAR recording provides heading and ground
speed data as well as the positions of the aircraft
calculated by FMGC1l. This flight path analysis was

validated by comparison with a reference flight path
analysis (see para. 117.8).

It can be noted that:

-coming out of a turn at 5,000 feet, the speed
and heading values were such that the DME
speed was above 160 knots.

-from QAR time 2980, and right up to the
instant when it was put into descent
(disengagement of ALT HOLD mode at QAR time

3005), the apparatus was approaching the
ground DME station on a heading clearly equal
to the QDM (approximately 060°). As the

aircraft was then practically in a headwind,
the route followed was clearly equal to the
QDM. In these conditions, the DME speed is
close to the ground speed, i.e. 170 knots.

-the same is true during descent when heading
and ground speed data are almost constant.

Therefore, more than thirty seconds before the
aircraft was put into the descent and during descent
itself, DME speed was much higher than the speeds at
which jumping mode can occur.

The Jjumping mode hypothesis can thus Dbe
eliminated.

117.326.4 - Other malfunction

One fault reported at a date subsequent to that
of the accident could not be classified with certainty
under any of the three headings described above. It
manifested itself in the form of erroneous DME
distances alternately
affecting the two units in a temporary fashion. The
fault was detected both by the crew and the FMGC,
following which the computer rejected the DME in
question. BITE did not include any mention of faults
on this flight. ©No technical explanation of this
discrepancy was available at the date this
Investigation concluded.



117.33 - Collins-700 VOR equipment

117.331 - Equipment

F-GGED was equipped with two Collins-700-020
VOR receivers:

VOR side 1: S/N 842 installed on 20 June 1989,
VOR side 2: S/N 894 installed on 12 July 1991.

This type of receiver was adapted to allow for
integration of the interface with the A320 maintenance
system (CFDS) .

According to the system of display selections
operated by the crew, data prepared by the VOR
receivers were liable to be shown on the navigation
screens and on the DDRMI. These VOR data were not
recorded.

The conduct of the approach, especially their
method of alignment on the approach track, implied
that the crew were wusing bearing indications with
respect to the Strasbourg VOR station as well as
deviations in relation to the 231° radial of the same
station. As a result of this, the databases and the
system used for calculating VOR indications on board
were subjected to special tests.

117.332 - Modifications since certification

Since the date of its certification,
modifications to the equipment and modifications to
its operating procedure have been as follows:

-the introduction of a filtering system for VOR
bearing information displayed on the
navigation screens. The time constant of the
filter is 0.8 seconds.

-TR N°124 of FCOM (July 1991) concerning
Collins-700 VORs. This revision requires that
VOR approaches are carried out in Navigation
mode and that Go-Around is initiated 1if the

VOR

deviations are greater than 1/2 dot
(reminder: a deflection of 1 dot in the
Course Deviation Indicator signifies a
deviation of 5° from the selected track).

-TR N’143 of FCOM (January 1992). This revision
extends the application of the operational
procedure outlined in TR N'124 to all types of
VOR receivers.



-TR N'151 of FCOM (February 1992). This revision
cancels and supersedes TR N’143. It outlines
the operational procedure in the event of
fluctuations and/or erroneous bearings.

-TR N’156 of FCOM (April 1992). This revision
cancels TR N'151 in the case of aircraft which
have undergone a cowling modification and
earthing of the VOR antenna (SB N’34-1044,
Modification N’ 22956) .

117.333 - Examination of the NOTAMS in effect
on the day of the
accident

An examination of the NOTAMs did not bring to
light any anomalies 1likely to have affected the
accuracy of VOR data during approach.

Reminder: In the database the Strasbourg VOR and TACAN

stations were stated to be non co-
located. Consequently the FMS did not use the
STR VOR.

117.334 - Examination of ACARS messages

During the flight, twenty five and three
minutes before the accident respectively, the ACARS

system transmitted the message "VOR1l - No data from
control source" and the message "VOR2 - No data from
control source". The meaning of these messages has no
connection with any possible erroneous VOR
indications.
117.335 - Examination of the QAR: frequencies
selected

The two VOR receivers were tuned in to the
frequency of the Strasbourg station.

The fact that the VOR frequency is recorded on
the QAR shows that the equipment's monitoring software
had not detected any operating fault.

117.336 - Examination of the S/N 894 VOR
installed on
F-GGED

Only the VOR S/N 894 receiver was recovered
from the site of the accident.

The non-volatile memory of its BITE software
was read at the premises of the equipment



manufacturers in the presence of a BEA representative.

Among the information available, it was found
that the only message recorded during the last few

flights was "No data from control source". The origin
of this message forms the subject of Service Bulletin
N'10. It does not indicate any erroneous VOR
indication.

The BITE software of Collins-700 VOR equipment
permitted neither detection nor recording of the
malfunctions analysed in the following paragraph.

117.337 - Analysis of malfunctions identified
as
"VOR bearing errors" and "VOR
indication flutter"

Two types of hazardous malfunctioning
characterised by erroneous and/or fluctuating VOR
indications have Dbeen reported regularly since the
time the aircraft was brought into service (mid-1988).

The first is known as "Bearing errors", the
second "Indication flutters".

117.337.1 - The phenomenon of "VOR bearing
errors"

This phenomenon 1is characterised by highly
erroneous VOR indications. It has only been reported
on A320s equipped with VOR receivers made by an
equipment manufacturer other than Collins.

This phenomenon is essentially due to the
attenuation of the radio-electric signal by
excessively heavy bonding of the fairing of the VOR
antenna. The filtration of antenna signals at the
input of the Collins VOR receiver is different to that
applied at the input of VORs made by the other
equipment manufacturer.

The probability that this phenomenon was
present on F-GGED during its approach to Strasbourg is
therefore extremely low.

117.337.2 - The phenomenon of "VOR indication
flutter"

When this malfunction occurs, the omni-bearing
indicator, along with the angular deviation bar, are
subject to flutter, the amplitude and frequency of
which vary according to the cases reported.



Among others, this discrepancy affects Collins-
700-200 equipment. The manufacturer has attributed the
cause essentially to the attenuation of the radio-
electric signal by excessively heavy bonding on the
fairing of the VOR antenna.

As 1in the case of the phenomenon of bearing
errors, a modification consisting primarily of
protective metallised coating to counteract lightning
on the fairing of the VOR antenna has been made to the
entire A320 fleet to —correct this fault. This
modification had not been applied to F-GGED.

This fault cannot be detected "a posteriori" on
the QAR or BITE recordings.

It is therefore not possible to eliminate the
hypothesis that there were such VOR indication
flutters during the approach to Strasbourg.

117.34 - Evaluation of data displayed to the
crew on the navigation screens

117.341 - Operation of the systems

The CVR transcription includes no mention of
any discrepancy.

The QAR recording indicates that neither of the
two FMGCs was declared to be faulty.

The QAR, ACARS and CVR recordings show that the
components of the electronic displays for flight and
navigation (EFIS) were in their nominal configuration,
with no detection of faults monitored.

117.342 - Evaluation of the quality of the
FMGC1
trajectory

The maximum deviation found between the FMGC1l
trajectory and the reference flight path (see para.
117.8) was approximately 0.15 NM. (To give this an
order of magnitude, when the current mode of the FMS
position is "DME/DME", calculation of the FMGC
position is performed with a 1level of accuracy
estimated to be better than 0.28 NM).

A flight simulation (of final turn and placing
in descent) showed a good correlation between the



FMGC1 trajectory and the trajectory obtained by
selected flight mode. (see para. 117.5).

Note: If the aircraft cannot receive two DMEs
correctly, the FMGC switches to pure inertial
navigation mode, maintaining the divergence
"inertial position - radio position" previously
calculated. In this way the transition from
"Radio-Inertial" to "Pure-Inertial" is not
accompanied by a shift of position.

117.343 - Examination of discrepancies
identified in
relation to navigation maps shown on
Navigation Display screens

The hypothesis of a discrepancy (discrepancies)
in the navigation maps shown on navigation screens was
considered. The different cases considered are set out
in the following paragraphs.

117.343.1 - Shifting of the map with an exact
FMCG position

Two distinct phenomena have been isolated:

a. "Map shifting"

In this case the position calculated by the FM
is exact (managed navigation is correct) but a part of
the trajectory presented on the ND shifts suddenly.
This phenomenon 1s only encountered when certain
identified approaches are being executed. It results
from a particular combination of segments and points
which define the FMS flight path.

Such  combinations do not exist for the
Strasbourg 05 VORTAC approach. Moreover, they cannot
be created manually. The hypothesis of map shifting
from the exact FMGC position is therefore ruled out.

b. Discrepancy of presentation in 10 NM scale

This phenomenon, discovered at a date
subsequent to the accident, is the subject of TFU N’
22720019, opened in April 1992. Only a few cases have
been reported since the
A320 was put into service. This discrepancy is
manifested by the incorrect positioning of symbology:
i.e. the graphical representation of the active flight
plan is erroneous.



The hypothesis of a discrepancy of presentation
in 10 NM scale (only on co-pilot's side) cannot be
eliminated for purely technical reasons.

117.343.2 - Shifting of the map from the false
FMGC position

Note 1: The QAR recording does not include the
positions calculated by FMGC2.
This map discrepancy was examined to cover
the eventuality that the co-pilot may have
selected a particular map mode display, while
the flight path shown was the one produced by
FMGC2.

Note 2: Due to the absence of a recording, it is not
possible to compare the positions calculated
by FMGC2 to the reference flight path.
Nothing can therefore be said about the

quality of the
FMGC2 trajectory but we note

that the CVR transcription includes
no mention relative to the

existence of any display message

signifying a difference of more than
5 NM between the positions

calculated by the two FMGCs.

The phenomenon known as "shifting of the map
with an exact FMGC position" was reported on a VORTAC
29 approach to Bordeaux. It was probably due to the
fact that the FMGC was using data from the VOR co-
located with the TACAN which had been degraded on
reception by an excessive metal spray coating on the
fairing of the VOR antenna.

However, the conditions under which FMGCs used
ground stations were not the same at Strasbourg.
Indeed, the STR VOR and TACAN were stated in the
DATABASE to be non co-located. Because of this,
although the two VOR receivers had been tuned in to
STR, the FMGCs never used the data from this VOR. Even
during the final phase they never moved into mode
update "VOR/DME".

The hypothesis of a map shift linked to a false
FMGC1l position is therefore excluded.

117.343.3 - Frozen ND symbology

In November 1992, the only case reported dated
back to March 1992. According to the crew report, all
the ND data were frozen and it was not possible to
recover the normal indications by using the mode and



scale selectors and the VOR/ADF select switches of the
FCU.

117.4 - Testing and research with respect to ground-
based radionavigation installations

117.41 - Introduction

With respect to the operational condition of
ground-based radionavigation installations, the
investigators examined the inspection reports on these
stations as well as the results of measures effected
on 23, 24 and 28 January 1992.

In fact, following the accident, the BEA had
entrusted the STNA with the task of carrying out an
in- flight inspection of the quality of the radio-
electric aids that F-GGED had been able to use during
its approach towards Strasbourg-Entzheim. This in-
flight inspection had the following aims:

- checking the operation of the Strasbourg VOR;

-recording of DME or TACAN stations received
during the procedure;

-checking the quality of distance data
received;

-detection of possible jammers.

With this in mind, a measurement test bench
installed on board the aircraft, together with
specific installations on the ground to provide the
reference trajectory, were put into operation.

It should be noted at this point that the
entire VOR infrastructure is periodically subject to
in-flight inspections.

With respect to DME stations, the STNA lays
down that the permanent integrity test for these
stations is performed out over the entire processing
system, from reception of the aircraft's interrogation
until broadcast of the ground station response. This
mechanism renders in-flight inspection of the
reliability of the test pointless. Before stations are
placed in service, only DME reception data are
supplied on request to technicians on the ground by an
aircraft in flight, to correct the phenomenon of blind
spots.

The upper 1limit of errors due to the TACAN
station and to multi-tracks is estimated at 450 m
(0.25 NM) .



117.42 - Analysis of the results of in-flight
and ground inspections

117.421 - Strasbourg VOR station (STR)
117.421.1 - Flight inspection of 24 July 1991

The average error recorded on the approach
track was 0.5°. The rate of modulation was within the
tolerances.

Note: In France it is recommended that the
alignment error of a radial axis aid
for an approach procedure
is less than +/-1.5".

A "high altitude" inspection had been carried
out in November 1991: the average error found was 0.4°.

117.421.2 - Inspection performed on 23 January
for
the needs of the
Investigation

It was noted that there was no inspection in
the month preceding the accident.

An initial series of measurements was performed
while flying in an orbit around the VOR at a distance
of approximately 4 NM and at 1,300 feet, i.e. at an
elevation of 3°. The average error found was of the
order of 0.1°. The difference in comparison with the
figure obtained during the "high altitude" inspection,
can be explained by the fact that the procedures were
not carried out at the same distance from the station,
or at the same time. They are all within tolerances.

Note: The ICAO does not specify tolerances applicable
to the average error measured at a given
distance over 360° around the station. In France,
stations are set up to maintain an average error
of less than +/-1°.

The average measured "30 Hz Var" rate of
modulation was within the ICAO tolerances.

As far as the "9960 Hz Ref" rate of modulation
was concerned, this was found to be outside ICAO
tolerances. A simulation of this phenomenon showed
that the error induced in the indication was of the
order of 0.1°.



Further series of procedures were performed on
the
radials 251, 241, 237 and 231’ at an altitude of
5,000 feet, from 20 NM to the VOR. It was found that
there was no loss of VOR data and that the
characteristics of
the radials (average error and rate of modulation)
were within the prescribed tolerances.

The average error found on the 231° approach
radial was +0.9°.

Note: Taking into account the sign convention adopted,
this means that by selecting QDM 051°, maintenance of a
nul angular deviation appears in the form of a ground
trace of the aircraft located approximately at QDM 052°
from the station, to the left of the published Final
Approach track.

Finally, procedures were carried out on radial
311° which corresponds to the track STR VOR - GTQ VOR.
The characteristics of the radials of these two VORs
were within the prescribed tolerances.

In conclusion, inspection of the STR VOR station
proved that errors of track alignment in approach
procedure 05 and on the radials inspected comply with
ICAO standards, despite the fact that the "9960 Hz
Ref" rate of modulation is outside prescribed
tolerances.

Irregularities were discovered between 9 and 8
NM from the station. They were again seen during the
execution of the approach. They are attributable to
multi-tracks (composition of the direct signal and
signals reflected by an obstacle such as surrounding
high ground) .

From the viewpoint of ICAO standards, which
require that irregularities measured on the VOR
radials must be less than +/-3°, it is appropriate to
remind ourselves that this figure was produced in 95%
of cases. Points found on the recording which reach
+/-4° are of very limited duration and are thus not
sufficient to categorise this radial as being "outside
standards".

However, such irregularities can cause
instability in the VOR indication. This low-frequency
interference has the appearance of a sine curve. Its
maximum amplitude is between 3 and 4°.

A gimulation computer for the Collins-700
receiver enabled an evaluation to be made of this
receiver's response to a signal such as the one



recorded on 23 January. The response curve obtained
shows that the

oscillations of the input signal are reproduced at the
receiver's output. They are glightly attenuated and
out of phase, predictable given the filtering applied.

In addition, the flight path of F-GGED was lower
than that of the flight inspection aircraft and, in
the very last seconds of the flight, F-GGED, obscured

by

La Bloss mountain, was below the radio horizon of the
STR VOR station. The nature of this 'eclipse' was such
as to cause a further alteration in the VOR
indication.

Finally, it should be pointed out that the
signal is reflected differently, depending on whether
the reflection surface is snow-covered or not.
Although the inspection flights were carried out in
snowy conditions similar to those encountered at the
time of the accident, it is not possible to confirm
that the VOR signal received by F-GGED was identical
to that recorded during these inspection flights.

In summary, although we are not in a position to
confirm that on the day of the inspection flight the
conditions affecting the reflection of the VOR signal
were identical to those encountered by F-GGED on its
flight path, it is very probable that the
irregularities in the signal manifested themselves in
the form of movements in the VOR pointer and the VOR
deviation bar of comparable amplitude.

117.422 - Strasbourg TACAN station (STR)

Alongside the inspection of VOR radials a
parallel check was carried out on board the aircraft
into the validity of distance data.

In addition, the aircraft executed a complete
racetrack circuit starting from STR VOR at an altitude
of 5,000 feet, then a fresh circuit aligned to QDM 057°
of the VOR after a procedural turn and descent from
5,000 feet to overfly the accident site at 1low
altitude. No loss of TACAN data was noted and the
distances given were valid.

In conclusion, the reception of distance data
from STR TACAN was satisfactory within the range of
space investigated.

Procedures relating to the Grostenquin DME
(GTQ) : no interference due to the GTQ DME or any other



DME was ascertained during the 05 approach. Added to
this, no

information was received on the GTQ frequency when the
station was cut off by technical service personnel for
the purposes of this test.

An inspection carried out on 28 February 1992 as
part of the normal programme of ground-based
inspections
of the TACAN station, showed that the "distance
measurement" part of the TACAN was operating in the
prescribed way. Two military aircraft wvalidated the
beacon data.

117.423 - Information received during the
execution
of approach

During the approach procedure, the flight
control system utilised allowed for the reception of
valid data from 12 different DME or TACAN stations*.
Among these, Dbetween 11 and 3 could be received
simultaneously (3 at an altitude of 500 feet on the
approach path) .

These data were of good quality and no Jjammer
was detected. No radiation from any unknown station
was found.

(*): Alphabetical 1list of the DME or TACAN stations
received during the flight on 28 January:

BGT (TACAN Bremgarten, Germany), BLM (VOR/DME Basle),
CLR (TACAN Colmar), GTQ (VOR/DME Grostenquin), HOC
(VOR/DME Hochwald, Switzerland), LHR (TACAN Lahr,
Germany), MCY (DME Etain, Meuse), NAY (TACAN Nancy-
Ochey), PB (DME Phalsbourg, Moselle), SAA (TVOR/DME
Saarbrucken, Germany), SLN (TACAN Sollingen, Germany),
STR (VOR/TACAN Strasbourg) .

117.5 - Research into Autopilot vertical mode during
Final Approach

117.51 - Introduction

In "selected" mode, the automation of the
aircraft in lateral and wvertical flight offers two
possible flight path references, which 1link the

corresponding lateral and vertical modes: the
reference "HEADING/VERTICAL SPEED" (HDG-VS) and the
reference "TRACK/FLIGHT PATH ANGLE" (TRK/FPA) .

Knowledge of the reference actually used by the crew
of F-GGED during the last turn and final descent is an
important factor in understanding the accident. This
information, however, is not recorded on the QAR (or



on
the DFDR). Moreover, no part of the CVR recording
reveals this reference.

An attempt has therefore been made to establish
by logical means the specific reference used,
utilising data available on the QAR.

117.52 - Simulation display

A numeric simulation was undertaken of that part
of the flight extending from QAR time 2900 (the
aircraft was at the end of its outbound track on
heading 231) to QAR time 3035 (the aircraft was
stabilised during descent at

3,300 ft/mn). Using a numeric model of the aircraft's
flight, this simulation consists of calculating the
values of parameters representing the flight path
obtained with the aid of different hypotheses: HDG-VS
or TRK-FPA reference, hypotheses concerning the
selection of command parameters by the crew. These
parameters were compared with those recorded on the
QAR of F-GGED, and a hypothesis was established
leading to the optimum correlation between values
calculated and values recorded.

Note: This simulation was halted at QAR time 3035, the
moment when the airbrakes were deployed, as the effect
of the progressive deployment of airbrakes is
difficult to model with a sufficient degree of
precision in the simulation used, where the parameters
(vertical speed or angle of descent) are constantly
changing.

117.53 - Examination of the hypothesis of a
change
in the flight path reference between
the start of the last turn and the
moment of the accident

An analysis of how the Autopilot operates shows
that by design, any change in mode causes the command
(heading and, if the mode has been activated, vertical
speed, with the reference HDG-VS; track and, if the
mode has been activated, angle of descent, with the
reference  TRK/FPA;) to be identified with the
instantaneous value of the parameter being considered
at the time when the mode is being changed.

If the flight path is not stable and
rectilinear, this will manifest itself in the form of
a Jjolt on the aileron deflection and the Dbank
attitude, or on the elevator.



By way of example, let us consider the case of a
90’ right turn in TRK mode coming out of a northerly
route. The command "TRK 90°" has been selected and the
aircraft is turning to the right. If in the course of
the turn the pilot goes into HDG mode, the Autopilot
instruction instantly changes to the wvalue of the
heading at the moment the mode was changed, for
example "HDG 52°". However, as the aircraft is in a
manoeuvre, this heading tends to be overshot by
inertia, and the Autopilot will have to initiate a
correction, which takes the form of a jolt on the
aileron deflection in the opposite direction to the
turn, so that it can seek out the target heading
established at the moment the mode was engaged.
Similar reasoning applies to the wvertical plane,
during the dynamic phase when the aircraft is put into
descent mode.

In the case of F-GGED, no jolt of this type was
found on the QAR recordings, or on the bank attitude
for the duration of the turn, or on the elevator at
the time when the aircraft was put into descent mode.

An analysis of the OQAR recordings therefore
leads to the conclusion that no change in flight path
reference could have occurred from the time the
aircraft was put into its last turn.

117.54 - Determination of wvertical flight mode

Once it has been demonstrated that this
reference is permanent, it remains to be determined
which of the two couples, HDG/VS or TRK/FPA, was most
probably utilised by the crew in this phase of the
flight.

The analysis rests on two arguments.

The first concerns the degree of conformity,
following the adopted reference, of the wvalues
calculated and the values recorded, for the
representative parameters: heading or track, vertical
speed.

The second concerns the exact times the aircraft
came out of a manoeuvre, as defined by the Autopilot
command values on the approach.

117.541 - Comparison between values calculated /
values recorded for flight path
parameters

The first parameter it is necessary to determine
is the wind (intensity and direction). To do this we



calculated the wvectorial difference between the true
speed
( VTAS )
available on the QAR.

and the ground speed (V) derived from IRS data

GS

V., 1s not recorded on the QAR. It is determined
by applying a density correction to the air speed V_,
which is recorded. On the day of the accident, the
temperature at 5,000 ft was 10° lower than the standard

temperature.

By tracing on the same diagram the coefficients
of the true speed thus calculated and of the ground
speed read from the QAR, a point is found at which the
two curves intersect: the ground speed and the true
speed are equal in terms of their coefficients at the
exact QAR time of 2937. The aircraft heading is then
161° and the track 116°. By completing a triangle of
the speeds it can be deduced from this that the wind
is coming from 074’ and that its intensity is 20 knots.

This value 1is confirmed at QAR time 2900:
heading 230, V_,»=231 knots, V,=242 knots; taking into
account the wind determined above, a figure of V_= 260

knots is obtained, which conforms with the QAR data.

Note: The preceding calculation does not take
into account the error
in ground speed. This error is due to the
drift from the <cetral inertial unit
(IRS1). This is a vector of direction and
magnitude which is constant over the scale
of time considered (a few minutes). In the
following section we evaluate the effect
of such an error by breaking it down into
a vector parallel to the approach path and
a normal vector along this axis.

The simulation begins with the following initial
parameters: heading 231, pressure altitude 4,750 ft,
air speed V,. 230 knots. It is carried out on the one
hand using the TRK-FPA reference, on the other using
the HDG-VS reference. It takes account of the
following events, while keeping exactly to the time
intervals found on the QAR:

-change of heading or track command selected
(probably to the wvalue of 090°) (QAR time
2902) ;

-deceleration from 230 knots to 180 knots (QAR
time 2912);

-transition to configuration 1 (slats 18" /



flaps 0°) (QAR time 2927);

-further changes in heading or track commands
selected to rejoin the extended centreline of
the runway (QAR time 2945, 2986);

-transition to configuration 2 (slats 22° / flaps
15°) (QAR time 3000) ;

-gselecting descent in V/S or FPA mode (QAR time
3006) ;

-landing gear extension (QAR time 3010) .

With respect to lateral mode, it was found that
the plots relating to heading, track, bank attitude
and aileron deflection obtained by simulation in HDG
mode were perceptibly nearer the plots taken from the
QAR than those obtained by simulation in TRK mode,
especially the lateral incline from the maximum figure
of 25° when coming out of a turn.

As far as vertical mode is concerned, it was
likewise found that the plots obtained in VS mode
concerning vertical speed, pitch attitude and elevator
deflection were closer to the plots taken from the QAR
than those obtained by simulation in FPA mode. In
particular, in FPA mode, it 1is essential to select the
maximum possible angle of descent value which can be
displayed (9° 9) in order to approximate the aircraft
recording, but the maximum vertical speed reached (of
the order of -3,050 ft/mn) is still far from the
recorded figure of a variation (200 ft/mn) which is
appreciably greater than the rated accuracy with which
the Autopilot follows the parameter (+/- 50 ft/mn).

117.542 -Determination of the instant of
desaturation from Autopilot wvertical
mode

In analysing the structure of the control laws
in VS mode, it can be seen that the wvariation in pitch
attitude controlled by the Autopilot is firstly
proportional to the variation between the aircraft's
vertical speed and the value selected by the pilot
(command) , and then constant when this variation
exceeds a certain limit. It is then said that the
flying loop is "saturated".

In the case of the flight which led to the
accident, this saturation wvalue of the order of
attitude excursion was -1,050 ft/mn. In fact,
transition to configuration 2 had, by means of a 1lift
augmenting effect, induced a positive vertical speed



of more than 500 ft/mn at the same time that the crew
were ordering a descent. In such a case the authority
of the Autopilot is increased (the standard saturation
figure is 350 ft/mn).

This saturation principle has the following
consequence: whether one selects (as in this case) a
negative vertical speed of 1,050 ft/mn or 6,000 ft/mn
(the maximum figure which can be sgelected), the speed
at the beginning of descent mode ig identical, and
descent will take ©place with the same vertical
acceleration, although the aircraft is not being flown
in G-load factor during this phase (the variation in
the G-load factor is close to 0.12/0.13g in this
case). The sole difference will be in the acceleration
time.

As the selected wvalue 1is approached, the
Autopilot orders an attitude excursion in the opposite
direction to the preceding one. The Autopilot loop is
then said to be "desaturating". This desaturation thus
occurs 1,050 ft/mn before the target wvalue, i.e. at -
2,250 ft/mn if the value selected was -3,300 ft/mn. It
manifests itself in the form

of a jolt on the elevator, the appearance of a sudden
rapid variation of approximately +0.1 g in vertical
acceleration, a break in the speed of the trim and a
rounding off in the vertical speed curve.

Note: The vertical speed recorded on the QAR is
a barometric vertical speed. In
order to obtain this parameter, the
barometric vertical speed calculated by
the simulation 1is obtained by assigning
the geometric vertical speed the
coefficient of temperature correction: [1
- (T°-TISA) / T°].

An analysis of the structure of the control laws
in FPA mode leads to comparable findings. The
variation in pitch attitude controlled by the
Autopilot 1is 'saturated' when the difference between
the current angle and the angle selected exceeds a
certain limit.

In the case of the flight which led to the
accident, this saturation figure of attitude excursion
was in the order of 585 deg*knot. In effect,
transition into configuration 2 had led to an angle of
climb of more than 1.5° at the same time that the crew
were ordering a descent. As in VS mode, the authority
of the Autopilot 1s increased in such a case;
otherwise the standard saturation figure is 195



deg*knot.

Desaturation thus occurs under the same
conditions 585 deg*knot before the target wvalue, or
3.4° before the angle selected (given a ground speed of
170 knots). If the figure selected was 9°9 and if this
data was converted into vertical speed, it would be
found that the theoretical point of desaturation in
FPA mode corresponds to a Vz of 1,965 ft/mn. This
point will be accompanied by the same phenomena as
desaturation in VS mode: a jolt will be noticed on the
elevator, and there will be a sudden rapid variation
in vertical acceleration of approximately +0.1 g.

Numerical simulation consequently predicts that
desaturation point will occur considerably earlier in
time in FPA mode (Vz= -1,964 ft/mn) than in VS mode
(Vz =
-2,250 ft/mn). The error calculation shows that this
differentiation resists possible errors (one shift in
a calculation cycle in the control law (180 ms) leads
to an error of 36 ft/mn; one error of +/- 5 knots in
the module of the ground speed leads to an error of 80
ft/mn) .

Note: The computer derives the angle of descent
(FPA) from the Dbaro-inertial wvertical
speed using the following formula:

Tangent (FPA) = VzBI/Vgs

where Vgs 1is the ground speed of the
aircraft calculated by combining the
accelerations measured along the "north"
axis and the "east" axis by the IRS.

The baro-inertial vertical speed is not
recorded. However, the method by which it is
calculated is such that this vertical speed is equal
to the barometric vertical speed for slow dynamics.
This is the case between times 3015 and 3035 and the
vertical speed recorded on the QAR is thus comparable
with that taken into account when calculating the FPA.

The desaturation point which corresponds to the
factors described above can be pinpointed on the QAR
recording at time 3027. The average vertical speed
close to this moment is of the order of -2,250 ft/mn
(or even higher). This point thus corresponds to the
simulation prediction for VS mode.



117.4 - Testing and research with respect to ground-
based radionavigation installations

117.41 - Introduction

With respect to the operational condition of
ground-based radionavigation installations, the
investigators examined the inspection reports on these
stations as well as the results of measures effected
on 23, 24 and 28 January 1992.

In fact, following the accident, the BEA had
entrusted the STNA with the task of carrying out an
in- flight inspection of the quality of the radio-
electric aids that F-GGED had been able to use during
its approach towards Strasbourg-Entzheim. This in-
flight inspection had the following aims:

- checking the operation of the Strasbourg VOR;

-recording of DME or TACAN stations received
during the procedure;

-checking the quality of distance data
received;

-detection of possible jammers.

With this in mind, a measurement test bench
installed on board the aircraft, together with
specific installations on the ground to provide the
reference trajectory, were put into operation.

It should be noted at this point that the
entire VOR infrastructure is periodically subject to
in-flight inspections.

With respect to DME stations, the STNA lays
down that the permanent integrity test for these
stations is performed out over the entire processing
system, from reception of the aircraft's interrogation
until broadcast of the ground station response. This
mechanism renders in-flight inspection of the
reliability of the test pointless. Before stations are
placed in service, only DME reception data are
supplied on request to technicians on the ground by an
aircraft in flight, to correct the phenomenon of blind
spots.

The upper 1limit of errors due to the TACAN
station and to multi-tracks is estimated at 450 m
(0.25 NM) .



117.42 - Analysis of the results of in-flight
and ground inspections

117.421 - Strasbourg VOR station (STR)
117.421.1 - Flight inspection of 24 July 1991

The average error recorded on the approach
track was 0.5°. The rate of modulation was within the
tolerances.

Note: In France it is recommended that the
alignment error of a radial axis aid
for an approach procedure
is less than +/-1.5".

A "high altitude" inspection had been carried
out in November 1991: the average error found was 0.4°.

117.421.2 - Inspection performed on 23 January
for
the needs of the
Investigation

It was noted that there was no inspection in
the month preceding the accident.

An initial series of measurements was performed
while flying in an orbit around the VOR at a distance
of approximately 4 NM and at 1,300 feet, i.e. at an
elevation of 3°. The average error found was of the
order of 0.1°. The difference in comparison with the
figure obtained during the "high altitude" inspection,
can be explained by the fact that the procedures were
not carried out at the same distance from the station,
or at the same time. They are all within tolerances.

Note: The ICAO does not specify tolerances applicable
to the average error measured at a given
distance over 360° around the station. In France,
stations are set up to maintain an average error
of less than +/-1°.

The average measured "30 Hz Var" rate of
modulation was within the ICAO tolerances.

As far as the "9960 Hz Ref" rate of modulation
was concerned, this was found to be outside ICAO
tolerances. A simulation of this phenomenon showed
that the error induced in the indication was of the
order of 0.1°.

Further series of procedures were performed on
the



radials 251, 241, 237 and 231° at an altitude of

5,000 feet, from 20 NM to the VOR. It was found that
there was no loss of VOR data and that the
characteristics of

the radials (average error and rate of modulation)
were within the prescribed tolerances.

The average error found on the 231° approach
radial was +0.9°.

Note: Taking into account the sign convention adopted,
this means that by selecting QDM 051°, maintenance of a
nul angular deviation appears in the form of a ground
trace of the aircraft located approximately at QDM 052°
from the station, to the left of the published Final
Approach track.

Finally, procedures were carried out on radial
311° which corresponds to the track STR VOR - GTQ VOR.
The characteristics of the radials of these two VORs
were within the prescribed tolerances.

In conclusion, inspection of the STR VOR station
proved that errors of track alignment in approach
procedure 05 and on the radials inspected comply with
ICAO standards, despite the fact that the "9960 Hz
Ref" rate of modulation is outside prescribed
tolerances.

Irregularities were discovered between 9 and 8
NM from the station. They were again seen during the
execution of the approach. They are attributable to
multi-tracks (composition of the direct signal and
signals reflected by an obstacle such as surrounding
high ground) .

From the viewpoint of ICAO standards, which
require that irregularities measured on the VOR
radials must be less than +/-3°, it is appropriate to
remind ourselves that this figure was produced in 95%
of cases. Points found on the recording which reach
+/-4° are of very limited duration and are thus not
sufficient to categorise this radial as being "outside
standards".

However, such irregularities can cause
instability in the VOR indication. This low-frequency
interference has the appearance of a sine curve. Its
maximum amplitude is between 3 and 4°.

A gimulation computer for the Collins-700
receiver enabled an evaluation to be made of this
receiver's response to a signal such as the one
recorded on 23 January. The response curve obtained
shows that the
oscillations of the input signal are reproduced at the



receiver's output. They are glightly attenuated and
out of phase, predictable given the filtering applied.

In addition, the flight path of F-GGED was lower
than that of the flight inspection aircraft and, in
the very last seconds of the flight, F-GGED, obscured

by

La Bloss mountain, was below the radio horizon of the
STR VOR station. The nature of this 'eclipse' was such
as to cause a further alteration in the VOR
indication.

Finally, it should be pointed out that the
signal is reflected differently, depending on whether
the reflection surface is snow-covered or not.
Although the inspection flights were carried out in
snowy conditions similar to those encountered at the
time of the accident, it is not possible to confirm
that the VOR signal received by F-GGED was identical
to that recorded during these inspection flights.

In summary, although we are not in a position to
confirm that on the day of the inspection flight the
conditions affecting the reflection of the VOR signal
were identical to those encountered by F-GGED on its
flight path, it is very probable that the
irregularities in the signal manifested themselves in
the form of movements in the VOR pointer and the VOR
deviation bar of comparable amplitude.

117.422 - Strasbourg TACAN station (STR)

Alongside the inspection of VOR radials a
parallel check was carried out on board the aircraft
into the validity of distance data.

In addition, the aircraft executed a complete
racetrack circuit starting from STR VOR at an altitude
of 5,000 feet, then a fresh circuit aligned to QDM 057°
of the VOR after a procedural turn and descent from
5,000 feet to overfly the accident site at 1low
altitude. No loss of TACAN data was noted and the
distances given were valid.

In conclusion, the reception of distance data
from STR TACAN was satisfactory within the range of
space investigated.

Procedures relating to the Grostenquin DME
(GTQ) : no interference due to the GTQ DME or any other
DME was ascertained during the 05 approach. Added to
this, no
information was received on the GTQ frequency when the



station was cut off by technical service personnel for
the purposes of this test.

An inspection carried out on 28 February 1992 as
part of the normal programme of ground-based
inspections
of the TACAN station, showed that the "distance
measurement" part of the TACAN was operating in the
prescribed way. Two military aircraft wvalidated the
beacon data.

117.423 - Information received during the
execution
of approach

During the approach procedure, the flight
control system utilised allowed for the reception of
valid data from 12 different DME or TACAN stations*.
Among these, Dbetween 11 and 3 could be received
simultaneously (3 at an altitude of 500 feet on the
approach path) .

These data were of good quality and no Jjammer
was detected. No radiation from any unknown station
was found.

(*): Alphabetical 1list of the DME or TACAN stations
received during the flight on 28 January:

BGT (TACAN Bremgarten, Germany), BLM (VOR/DME Basle),
CLR (TACAN Colmar), GTQ (VOR/DME Grostenquin), HOC
(VOR/DME Hochwald, Switzerland), LHR (TACAN Lahr,
Germany), MCY (DME Etain, Meuse), NAY (TACAN Nancy-
Ochey), PB (DME Phalsbourg, Moselle), SAA (TVOR/DME
Saarbrucken, Germany), SLN (TACAN Sollingen, Germany),
STR (VOR/TACAN Strasbourg) .

117.5 - Research into Autopilot vertical mode during
Final Approach

117.51 - Introduction

In "selected" mode, the automation of the
aircraft in lateral and wvertical flight offers two
possible flight path references, which 1link the

corresponding lateral and vertical modes: the
reference "HEADING/VERTICAL SPEED" (HDG-VS) and the
reference "TRACK/FLIGHT PATH ANGLE" (TRK/FPA) .

Knowledge of the reference actually used by the crew
of F-GGED during the last turn and final descent is an
important factor in understanding the accident. This
information, however, is not recorded on the QAR (or
on

the DFDR). Moreover, no part of the CVR recording
reveals this reference.



An attempt has therefore been made to establish
by logical means the specific reference used,
utilising data available on the QAR.

117.52 - Simulation display

A numeric simulation was undertaken of that part
of the flight extending from QAR time 2900 (the
aircraft was at the end of its outbound track on
heading 231) to QAR time 3035 (the aircraft was
stabilised during descent at

3,300 ft/mn). Using a numeric model of the aircraft's
flight, this simulation consists of calculating the
values of parameters representing the flight path
obtained with the aid of different hypotheses: HDG-VS
or TRK-FPA reference, hypotheses concerning the
selection of command parameters by the crew. These
parameters were compared with those recorded on the
QAR of F-GGED, and a hypothesis was established
leading to the optimum correlation between values
calculated and values recorded.

Note: This simulation was halted at QAR time 3035, the
moment when the airbrakes were deployed, as the effect
of the progressive deployment of airbrakes is
difficult to model with a sufficient degree of
precision in the simulation used, where the parameters
(vertical speed or angle of descent) are constantly
changing.

117.53 - Examination of the hypothesis of a
change
in the flight path reference between
the start of the last turn and the
moment of the accident

An analysis of how the Autopilot operates shows
that by design, any change in mode causes the command
(heading and, if the mode has been activated, vertical
speed, with the reference HDG-VS; track and, if the
mode has been activated, angle of descent, with the
reference  TRK/FPA;) to be identified with the
instantaneous value of the parameter being considered
at the time when the mode is being changed.

If the flight path is not stable and
rectilinear, this will manifest itself in the form of
a Jjolt on the aileron deflection and the Dbank
attitude, or on the elevator.

By way of example, let us consider the case of a

° right turn in TRK mode coming out of a northerly

90



route. The command "TRK 90°" has been selected and the
aircraft is turning to the right. If in the course of
the turn the pilot goes into HDG mode, the Autopilot
instruction instantly changes to the wvalue of the
heading at the moment the mode was changed, for
example "HDG 52°". However, as the aircraft is in a
manoeuvre, this heading tends to be overshot by
inertia, and the Autopilot will have to initiate a
correction, which takes the form of a jolt on the
aileron deflection in the opposite direction to the
turn, so that it can seek out the target heading
established at the moment the mode was engaged.
Similar reasoning applies to the wvertical plane,
during the dynamic phase when the aircraft is put into
descent mode.

In the case of F-GGED, no jolt of this type was
found on the QAR recordings, or on the bank attitude
for the duration of the turn, or on the elevator at
the time when the aircraft was put into descent mode.

An analysis of the OQAR recordings therefore
leads to the conclusion that no change in flight path
reference could have occurred from the time the
aircraft was put into its last turn.

117.54 - Determination of wvertical flight mode

Once it has been demonstrated that this
reference is permanent, it remains to be determined
which of the two couples, HDG/VS or TRK/FPA, was most
probably utilised by the crew in this phase of the
flight.

The analysis rests on two arguments.

The first concerns the degree of conformity,
following the adopted reference, of the wvalues
calculated and the values recorded, for the
representative parameters: heading or track, vertical
speed.

The second concerns the exact times the aircraft
came out of a manoeuvre, as defined by the Autopilot
command values on the approach.

117.541 - Comparison between values calculated /
values recorded for flight path
parameters

The first parameter it is necessary to determine
is the wind (intensity and direction). To do this we
calculated the vectorial difference between the true
speed

(v, and the ground speed (V) derived from IRS data

TAS ) GS



available on the QAR.

V., 1s not recorded on the QAR. It is determined
by applying a density correction to the air speed V_,
which is recorded. On the day of the accident, the
temperature at 5,000 ft was 10° lower than the standard

temperature.

By tracing on the same diagram the coefficients
of the true speed thus calculated and of the ground
speed read from the QAR, a point is found at which the
two curves intersect: the ground speed and the true
speed are equal in terms of their coefficients at the
exact QAR time of 2937. The aircraft heading is then
161° and the track 116°. By completing a triangle of
the speeds it can be deduced from this that the wind
is coming from 074’ and that its intensity is 20 knots.

This value 1is confirmed at QAR time 2900:
heading 230, V_,»=231 knots, V,=242 knots; taking into
account the wind determined above, a figure of V_= 260

knots is obtained, which conforms with the QAR data.

Note: The preceding calculation does not take
into account the error
in ground speed. This error is due to the
drift from the <cetral inertial unit
(IRS1) . This is a vector of direction and
magnitude which is constant over the scale
of time considered (a few minutes). In the
following section we evaluate the effect
of such an error by breaking it down into
a vector parallel to the approach path and
a normal vector along this axis.

The simulation begins with the following initial
parameters: heading 231, pressure altitude 4,750 ft,
air speed V,. 230 knots. It is carried out on the one
hand using the TRK-FPA reference, on the other using
the HDG-VS reference. It takes account of the
following events, while keeping exactly to the time
intervals found on the QAR:

-change of heading or track command selected
(probably to the wvalue of 090°) (QAR time
2902) ;

-deceleration from 230 knots to 180 knots (QAR
time 2912);

-transition to configuration 1 (slats 18" /
flaps 0°) (QAR time 2927);



-further changes in heading or track commands
selected to rejoin the extended centreline of
the runway (QAR time 2945, 2986);

-transition to configuration 2 (slats 22° / flaps
15°) (QAR time 3000) ;

-gselecting descent in V/S or FPA mode (QAR time
3006) ;

-landing gear extension (QAR time 3010) .

With respect to lateral mode, it was found that
the plots relating to heading, track, bank attitude
and aileron deflection obtained by simulation in HDG
mode were perceptibly nearer the plots taken from the
QAR than those obtained by simulation in TRK mode,
especially the lateral incline from the maximum figure
of 25° when coming out of a turn.

As far as vertical mode is concerned, it was
likewise found that the plots obtained in VS mode
concerning vertical speed, pitch attitude and elevator
deflection were closer to the plots taken from the QAR
than those obtained by simulation in FPA mode. In
particular, in FPA mode, it i1s essential to select the
maximum possible angle of descent value which can be
displayed (9° 9) in order to approximate the aircraft
recording, but the maximum vertical speed reached (of
the order of -3,050 ft/mn) is still far from the
recorded figure of a variation (200 ft/mn) which is
appreciably greater than the rated accuracy with which
the Autopilot follows the parameter (+/- 50 ft/mn).

117.542 -Determination of the instant of
desaturation from Autopilot wvertical
mode

In analysing the structure of the control laws
in VS mode, it can be seen that the wvariation in pitch
attitude controlled by the Autopilot is firstly
proportional to the variation between the aircraft's
vertical speed and the value selected by the pilot
(command) , and then constant when this variation
exceeds a certain limit. It is then said that the
flying loop is "saturated".

In the case of the flight which led to the
accident, this saturation wvalue of the order of
attitude excursion was -1,050 ft/mn. In fact,
transition to configuration 2 had, by means of a 1lift
augmenting effect, induced a positive vertical speed
of more than 500 ft/mn at the same time that the crew
were ordering a descent. In such a case the authority
of the Autopilot is increased (the standard saturation



figure is 350 ft/mn).

This saturation principle has the following
consequence: whether one selects (as in this case) a
negative vertical speed of 1,050 ft/mn or 6,000 ft/mn
(the maximum figure which can be sgelected), the speed
at the beginning of descent mode ig identical, and
descent will take ©place with the same vertical
acceleration, although the aircraft is not being flown
in G-load factor during this phase (the wvariation in
the G-load factor is close to 0.12/0.13g in this
case). The sole difference will be in the acceleration
time.

As the selected wvalue 1is approached, the
Autopilot orders an attitude excursion in the opposite
direction to the preceding one. The Autopilot loop is
then said to be "desaturating". This desaturation thus
occurs 1,050 ft/mn before the target wvalue, i.e. at -
2,250 ft/mn if the value selected was -3,300 ft/mn. It
manifests itself in the form

of a jolt on the elevator, the appearance of a sudden
rapid variation of approximately +0.1 g in vertical
acceleration, a break in the speed of the trim and a
rounding off in the vertical speed curve.

Note: The vertical speed recorded on the QAR is
a barometric vertical speed. In
order to obtain this parameter, the
barometric vertical speed calculated by
the simulation 1is obtained by assigning
the geometric vertical speed the
coefficient of temperature correction: [1
- (T°-TISA) / T°].

An analysis of the structure of the control laws
in FPA mode leads to comparable findings. The
variation in pitch attitude controlled by the
Autopilot 1is 'saturated' when the difference between
the current angle and the angle selected exceeds a
certain limit.

In the case of the flight which 1led to the
accident, this saturation figure of attitude excursion
was in the order of 585 deg*knot. In effect,
transition into configuration 2 had led to an angle of
climb of more than 1.5° at the same time that the crew
were ordering a descent. As in VS mode, the authority
of the Autopilot 1s increased in such a case;
otherwise the standard saturation figure is 195
deg*knot.

Desaturation thus occurs under the same



conditions 585 deg*knot before the target wvalue, or
3.4° before the angle selected (given a ground speed of
170 knots). If the figure selected was 9°9 and if this
data was converted into vertical speed, it would be
found that the theoretical point of desaturation in
FPA mode corresponds to a Vz of 1,965 ft/mn. This
point will be accompanied by the same phenomena as
desaturation in VS mode: a jolt will be noticed on the
elevator, and there will be a sudden rapid variation
in vertical acceleration of approximately +0.1 g.

Numerical simulation consequently predicts that
desaturation point will 