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Final Report
ofthe Fédéral Aircraft Accidents Inquiry Board
conceming the Accident of the aircraft DC-9-32, ALITALIA, Flight No AZ 404,1-ATJA
on the Stadlerberg, Weiach/ZH, of 14 November 1990

The legal assessment of the accident is no concern of the investigation and the investigation
reports (Art. 2, Par. 2 of the Ordinance of 20th August 1980 relating to aircraft accident
investigations).
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PREFACE
According to Annex 13 of the International Civil Aviation Convention, paragraph 3.1 the
purpose of aircraft accident investigation is the prévention of accidents. It is not the purpose of
the aircraft accident investigation and the investigation report to apportion blâme or to assign
responsibility. This basic rule is also contained in the Fédéral Ordinance for Aircraft Accident
Investigation of 20 August 1980 Art. 2 (VFU).

SUMMARY OF ABBREVIATIONS
ADF
ADI
AFM
AMSL
AGL
AP
AND
ANU
AP
APP
COM
CVR
DME
DFDR
FAP
FD
FL
FOM
FVL
GP
GPWS
HDG
HSI
IFR
ILS
LOC
LT
MSA
NAV
NDB
NSU
PAPI
RMI
QFE
QNE
QNH
VASIS
VHF
VOLMET

Automatic Direction Finding Equipment
Attitude Director Indicator
Aircraft Flight Manual
Above mean sea level
Above ground level
Aeronautical Information Publication
Attitude nose down
Attitude nose up
Autopilot
Approach Control
Communications
Cockpit Voice Recorder
Distancc-Measuring-Equipincnt
Digital Flight Data Recorder
Final Approach Point
Flight Director
Flight Level
Flight Operations Manual
Air Traffic Controller
Glide Path
Ground Proximity Warning System
Heading
Horizontal Situation Indicator
Instrument Flight Rules
Instrument Landing System
Localizer
Local time
Minimum safe altitude
Navigation receiver
Non-directional radio beacon
Nav switching unit
Précision Approach Path Indicator
Radio Magnetic Indicator
Atmospheric pressure at aérodrome élévation
or at run way threshold
Altimeter subscale to 1013.2 hectopascals
Corrected mean sea level pressure
Visual approach slope indicator system
Very high frequency
Meteorological information for aircraft in
flight
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0.

SYNOPSIS

0.1

Summary
Flight AZ 404 departed from Milan - Linate airport on the 14th November 1990
at 1836 hrs*) with the destination Zürich. After a problem free flight, the crew
were cleared by Zürich Approach to descend to 4000 f t (QNH) and to make an
approach on the ILS 14.
At 14 NM from the threshold of RWY 14, the aircraft captured the localiser 14
and at about 11.5 NM descended through the cleared altitude of 4000 ft, instead
of, as prescribed, leaving it when intercepting the glide path at 8 NM.
The aircraft descended with a constant rate of descent during the whole final
approach, about 1400 ft below the correct glide path. At 1911 hrs, 5.2 NM from
runway 14, the aircraft first Struck the trees, and then the surface of the wooded
north-face of the Stadlerberg.
After the collision a fire started. The 40 passengers and 6 crew members were
fatally injured, the aircraft was destroyed. There was also considérable damage to
the forest.

0.2

Investigation
The accident occurred at 1911 hrs. It was reported to the Aircraft Accident
Investigation Bureau (AAIB) at 2050 hrs. Subsequently, this led to the first
meeting in Berne where, in accordance with the Ordinance of the Fédéral Council
for Aircraft Accident Investigation, the designated investigation team was alerted.
The chairman of the Operations working group viewed the recording of radar data
during the night at the Air Traffic Control Centre in Zürich. The following
morning, the remainder of the team was calied to the site at Weiach, organised by
the police of the Kanton of Zürich. An earlier call to the accident site was not
practical as the Police had first to secure the site, and the Fire Brigades were still
fighting the fire. During this time, having arrived during the night, the Investigator
in Charge and his team tried to obtain an overview.
The first meetings of the investigation team were held at Weiach, and subsequently,
after the clearance of the accident site, at Zürich Airport.
In accordance with Annex 13 of the ICAO convention on International Civil
Aviation, the State of registry and the State where the aircraft was manufactured
have the right to send an accredited représentative to the investigation.
Italy as the State of registry and the USA as the State of manufacture, both made
use of this facility. In addition, the manufacturer of the aircraft, McDonnell
Douglas USA, and the Operator ALITALIA actively assisted, producing important

*) All times are UTC (local time -1 hour) unless specified otherwise
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data without which the report could not have been compieted. The Flight Data
Recorder and the Cockpit Voice Recorder were found early on. The opening of the
respective cassettes and the reading out of the data was done by the British Air
Accidents Investigation Branch (AAIB) in Farnborough GB.
The investigating team was comprised as follows (only chairmen of the working
groups):
Investigator in Charge:

K. Lier - Chief Inspector Aircraft Accident
Investigation Bureau (AAIB) of the Fédéral
Transport and Energy Department

Operations:

H.-P. Graf - Tnvestigator AAIB

Weather:

K.H. Hack - Aviation Meteorological Office
Zürich

Air Traffic Control:

H.-P. HuUiger - Fédéral Office for Military
Airfields

Witness Statements:

Dr P. Oswald - Lawyer

Human Factors:

Dr U. Baumann - Médical Doctor

Technical Groups:

J. Overney - Investigator AAIB

Structure:

K. Kaiser and R. Eberhard - Fédéral Office
for Military Airfields

Power Plant:

M. Häfliger - Fédéral Office for Military
Airfields

Systems:

J. Overney - AAIB

Flight Recorders:

H. Keller - SWISSAIR

Forensic Analysis:

Dr M. Hubmann, Dr R. Pfister,
M. Signer, M. Jenni - all from the Scientific
Service (WD) of the Zurich City Police

Accredited Représentatives:
State of Registry (Italy):

Dr A. Di Giulio, Head ofthe Ufficio Sicurezza
Volo of the Italian Ministry of Transport,
Rome

State of Manufacture (USA):

R. Benzon - Investigator, National Transportation Safety Board, Washington DC

- 3-

The investigation was supported by the Zürich Kantonspolizei (statements,
photographies, and measurements) and by the Public Prosecutor of Dielsdorf.
The preliminary investigation was closed when the Investigation report and the
Specialist Group reports of 9 December 1991 were presented to the President of
the Commission on 17 January 1992.
In accordance with the standards of ICAO Annex 13, the report will be translated
into an ICAO language namely English. In considération of the State of Registry, an
Italian translation of the final report will also be published.
The public hearing as required by the VFU article 32, was held on 10 March 1992
at the Fédéral Institute of Technology in Zürich.
On several meetings the Board established a final report dated 24 June 1992 and
sent it to the interested parties. Their reconsiderations and a letter from the
accredited représentative of USA were debated on a meeting on 27 January 1993.
At this date the final report was closed.

1.

FACTUAL INFORMATION

1.0

Background
The cockpit crew of ALITALIA flight AZ 404 had a layover of 15:20 hrs in an
hotel. They had aiready flown a rotation together on the day prior to the accident.
On the 14th November 1990, the crew checked in for flight duty at Milan-Linate
at 1300 hrs. They were rostered for a return flight Milan-Linate (LIN) to
Frankfurt (FRA), followed by LIN to Zurich (ZRH) and back. DC-9-32 I-ATJA was
planned for ail four legs.
The aircraft arrived in LIN from Düsseldorf (DUS) at 0927 hrs. The inbound crew
who had flown I-ATJA to LIN left the following entries in the Technical Logbook
(Quaderno tecnico di Bordo) on page 22, Flight DUS-LIN:
"1.

VHF NAV 2: In Radio Selector position Radio 2 VHF-NAV 2 does not
give a TO-FROM indication on HSI2. In position Approach no TOFROM indication on HSI 2."

"2.

CAT II Simul. Appr. At 200 feet the autopilot had a tendency to fly
under the glide path then to return to it followed by a accentuated
"dive". The autopilot was switched off and we continued manually."

The take off in LIN for FRA was at 1407 hrs with a Captain (PIC) and a First
Offieer (COPI) as the cockpit crew. In FRA, apart from changing a Ground Flood
Light no maintenance was undertaken on I-ATJA.
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After the flight FRA - LIN, the PIC made no entry in the Technical Logbook. The
PIC explained the technical situation to the mechanic verbally: The Failure had now
been observed in position "RADIO 1". As a result of these observations, both
VHF-NAV receivers were replaced. The crew were asked to make a "Simulated
CAT I I " approach in ZRH so that the aircraft could gain its full CAT II status for
the return flight to LIN. The weather situation indicated a tendency towards
CAT JJ. conditions for the landing in LIN.
1.1

History ofthe Flight
The history of the flight could be determined on the basis of the Radar, DFDR and
the CVR recordings. (Appendices 2, 3, 4, 5, 6 and 6a).
On the 14th November 1990 ALITALIA flight 404, aircraft type DC-9-32
registration I-ATJA, took off from runway 36R at LIN bound for ZRH. The
flight was a scheduied commercial flight. The clearance was to the destination
airport Zürich, via a CANNE IC departure to Flight Level 120, the transponder
code 0302. The PIC assumed the duties of assisting pilot and dealt with the
radio-telephony. The First Offieer was the handling pilot. The take-off was at
1836 hrs. The standard climb via CANNE towards Airway A9 to the cruising flight
level of 200 was trouble free.
About 2 minutes after reaching Flight Level 200 the crew listened to Zürich
VOLMET. From this they gathered that the surface wind at Zürich was 240/08 kt.
This led the PIC forsee a landing on runway 28. Having heard from the ATIS that
the landing runway was 14, the crew still discussed a right hand circling approach
for a landing on runway 28. The discussion continued considering a left hand
circling to runway 28.
At 1852.53 hrs, from a QNH of 1019 hPa the crew worked out a QFE of
970 hPa. During the descent, the crew discussed the approach procédure for
runway 14, where the Copilot mentioned the Outer Marker height for runway 16.
After the discussion about the setting of the navigation aids, they also discussed
the procédure to be followed in the event of a communications failure. The crew
were instrueted that following radar vectors they should fly an ILS approach to
runway 14. At 1900.01 hrs the Copilot said "We perform a CAT JJ (approach)".
The PIC was in agreement because the navigation equipment had to be checked.
Whilst verifying the décision height, it transpired that the Copilot was still
Consulting the approach chart for runway 16. Further lengthy discussions about
the setting of the required navigation aids followed. As the aircraft passed abeam
Zürich descending to Flight Level 90, the PIC noted: "We are by KLOTEN, FL 90.
He is bringing us in high". Clearance to descend to Flight Level 60 followed at
1902.28 hrs. At 1902.50 hrs ALITALIA 404 was instrueted to fly heading 325.
VHF NAV 1 was tuned to Trasadingen VOR (TRA), VHF NAV 2 to Kloten VOR
(KLO). To define the fix at EKRON, the course 068 was also set. At 1904.32 hrs
the PIC repeated "The outer marker is at 1200 f t (QFE), it can be verified by
3.8 [NM] from Kloten. Rhein (RHI NDB) 5.6 [NM]...". At 1905.15 hrs a new
heading was required which the PIC confirmed. The identification of the ILS - 14
was registered on the CVR at 1905.32 hrs. At 1906.20 hrs, together with the
approach clearance to runway 14, a new heading of 110, descent to 4000 f t and

the QNH of 1019 hPa was given. The PIC confirmed this clearance, however the
heading was read back as 120. The incorrect readback of the clearance by the PIC
caused the Copilot some uncertainty ofthe required heading to be flown. The PIC
confirmed the approach clearance and the cleared altitude 4000 f t to the COPI,
whereby the COPI ordered "RADIO APPROACH...". At this point an altitude of
about 5000 f t (QNH) was passed. One of the pilots asked the other whether he had
a Glide Path indication. The aircraft position was just before interception of the
Localiser passing an altitude of about 4700 ft (QNH) (according to radar and
DFDR). It was aiready about 1300 ft below the Glide Path. Answering the question
about the Glide Path, the other pilot replied (hardly understandable) "On 1...I don't
have...." Consequently the PIC said: "Good, so let's do it on 1". The COPI then
ordered "RADIO 1". The flaps were probably set to 15°. In the mean time, the
aircraft had passed through the localiser and was now slightly east of it. About the
sametimeas the PIC said "Capture LOC capture glide path capture - so we are on
the localiser, a little off track but..." (translated from Italian) the aircraft
descended through 4000 ft (QNH) (about 11.5 NM from the threshold runway
14). It was thus about 1200 ft below the glide path. The QFE 970 hPa was also
set by the COPI. About 5 seconds later the Altitude Exit Alert was heard (Descent
through 3700 ft [QNH]). The PIC cancelled the warning by setting 5000 f t (Go
Around Altitude) on the Altitude Preselect. The PIC said to the COPI: "There is
another one (Finnair 863) in front quite close. You can reduce even further to 150
(kt) otherwise we'll end up with a "go around".
A discussion followed about possible icing. After this the flaps were set to 25
during which no Landing Gear horn was heard. At this point the aircraft was
established on the localiser. The altitude was about 3000 f t QNH - ca. 1200 f t
below the glide path. The PIC: "Outer Marker check is at 1250 f t [QFE]". The
height was now about 1600 ft QFE. 10 seconds after Flaps 25, the flaps were set
to 50. The Outer Marker height of 1250 ft QFE was now passed. The PIC said
"Bravo" followed by sounds of switching. At 8 NM final the PIC mentioned "3.8
almost 4 miles". At about 7 NM final, (15 seconds after the PIC's words "Almost
4 miles") the COPI asked "... haven't we passed it?". After a further 12 seconds
the COPI asked once again "Didn't we pass the outer marker?" The height was now
670 f t QFE. The PIC's answer was "No no it hasn't changed y e t A t 6.6 NM
final the PIC said "Oh it shows 7
The crew was now ordered by Zürich ARR
to change frequency to Zürich TWR. At 6.25 NM final the pilots conversed as
follows: "... That doesn't make sense to me
"Nor to me ...". 2 seconds after
this conversation the PIC calied out "Pull, pull, pull, pull! " Simultaneously
autopilot disconnection could be heard. The position was now about 500 ft AGL
overhead Weiach - about 350 ft QFE. 2 seconds later the COPI calied out "GO
AROUND" the PIC responded with "No no no no ... catch the glide". At this point
the DFDR shows a pitch change from -2° [AND] to +5.4° [ANU]. At the same time
the thrust was increased from 1.3 to 1.7 EPR. The sink rate decreased from
1100 ft/min. to 190 ft/min. After 11 seconds (the pitch oscillated at +1° [ANU])
the PIC asked "Can you hold it?" to which the COPI replied "Yes". One second
after the COPI's answer the Radio Altimeter warning (pip pip pip) indicating
200 ft/AGL could be heard. During this, the PIC said "Hold on let's try to
At
1911.18 hrs the aircraft Struck the north em slope of the Stadlerberg at a altitude
of 1660 f t QNH.
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Grid Référence: 675 900/266 600. (= E008° 26' 51"/N047° 32' 50").
Elévation: 510 mètres AMSL.
Location of the accident site: Map 1:25 000m Sheet No 1051, EGLISAU.
12

Injuries to Persons
Crew
Fatal

13

Passengers

6

Others

40

Damage to Aircraft
Destroyed.

14

Other Damage
Considérable damage to about 600 m forest due to impact and fire.
2

15

Personnel Information

1.5.1

Pilots

1.5.1.1

Captain (PIQ
+Italian citizen, born 1943.
ATPL issued by the Italian CAA valid until 28th December 1990.
IFR Checks (DC-9 - 32):
Simulator:
Simulator (Base Check):
L i n e :

Qualification:

27 FEB 1990 inc. CAT 11
29 AUG 1990 inc. CAT 11 and emergency procédures
20 NOV 1989 GVA/FCO/CDG/PSA/TRN/BCN
Ali passed as PIC

Flying Expérience
Total:
On accident type:
As PIC:
Last 90 days:
Last 30 days:
Last 24 Hrs:

10193 hrs
3194 hrs
1193 hrs
116 hrs 03 min
41 hrs 38 min
4 hrs 03 min (Before the accident flight)

He entered service with ALITALIA on 15th May 1970. His military flying
expérience was about 1200 hrs. He had flown about 8000 hrs as COPI on DC-8,
DC-9 and B-727 aircraft, and had been operating as Captain (PIC) on DC-9 -30 '
since 15th March 1988.

The last licence médical check on 26 June 1990 found him fit without restrictions.
His last landing in ZRH was on 3Ist May 1990 with AZ 414 LIN-ZRH.
1.5.1.2

First Offieer (COPD
+Italian citizen, bom 1962.
ATPL issued by the Italian CAA, valid until 18th April 1991.
IFR Checks (DC-9 - 32):
Simulator:
Simulator (Base Check):
Line:
CAT H expired:
Qualification:

11 FEB 1990 inc. CAT 11
16 AUG 1990 Emergency procédures
CAT 11 24 AUG 1990 (although officially incorrectiy recorded)
11 JAN 1990 FCO/VRN/TRN/P AR/BOA
11 AUG 90
All passed as COPI

Flying Expérience
Total:
On accident type:
Last 90 days:
Last 30 days:
Last 24 Hrs:

831 hrs
621 hrs (as COPI)
108 hrs 10 min
28 hrs 08 min
4 hrs 03 min (Before the accident flight)

He received his pilot training from ALITALIA, after which he was employed as a
DC-9-32 Copilot as of 15th July 1989. The last licence médical check on Ist June
1990 found him fit without restrictions.
His last landing in ZRH was on 16 OCT 1990, Right AZ 400 FCO-ZRH.
1.5.1.3

Flight Duty and Rest Time of the Pilots
PIC:

Flieht Time

Dutv Time

Rest Time

14 NOV 1990
13 NOV 1990

3:07
4:03

5:14
7:35

—-

COPI:

Flight Time

Dutv Time

Rest Time

14 NOV 1990
13 NOV 1990

3:07
4:03

5:14
7:35

15:20

15:20

—

The pilots flew together the day prior to that of the accident. Before these two
working days, both pilots had more than 48 hrs off duty.
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1.5.2

Cabin Grew
+Italian citizen, born
+Italian citizen, born
+Italian citizen, born
+îtalian citizen, born

1.5.3

1947.
1954.
1960.
1967.

Àir Traffic Controller
S wiss Citizen born 1951, Air Traffic Controller, at the time of the accident
Approach Controller, Air Traffic Controller's Licence issued by FOCA 4th
September 1980, last renewal 4th September 1990 valid until 4th September
1991.
• •

1.5.4

Passengers
There were 40 passengers on board.

1.6

Aircraft I-ATTA
Airframe:
Type:
Manufacturer:
Sériai No:
Airframe No:
Construction Year:
Stick Hours:
Block Time:
Cycles:

DC-9-32
Me Donnell Douglas, USA
47641
746
1974
33886 hrs
43894 hrs
43452

Maintenance Record:
Check

Interval

Last Check

Hours
since last
check

Next Check

ISA
ISB
ISC
RED

100 hrs
470 hrs
1800 hrs
12000 hrs
62monts*

4.11.99 LHR
21.10.90 FCO
2.6.90 NAP
7.10.88 FCO

60
148
1026
4438

40
322
774
7561 hrs/
7.12.93*

* Whichever
occurs first
Maintenance handover from ATI to AZ:

6.11.89 31632 hrs and
41487 cycles

Last renewal airworthiness certificate:

18.6.90
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Power Plant:
Pratt and Whitney
JT8D-9A
14500 lbs
12600 lbs
11400 lbs

Manufacturer:
Type:
Take Off Thrust:
Maximum Continuous:
Cruise:
Engine: Sériai No. 667030 (Left)
Installed in I-ATJA:

30.09.90

Engine operating times at the. time. of the accident:
Time since installation (TSI):
Total "Stick Hours" (TT):
Total "Block Hours:
Total Cycles (TC):

270 Hrs
31423 Hrs
40393 Hrs
38994

Service times of the modules at the time of the accident:

Mod No.

Sériai No.

TT

TC

TSÖ

cso

1
2
3
4
5

167033
267033
366734
467102
566787

31432
31481
35748
27523
37247

34706
34127
39649
30964
40103

5149
5419
270
270
2865

4573
4573
227
227
2843

TT =
TC =
TSO =
CSO =

TOTAL TIME
TOTAL CYCLES
TIME SINCE OVERHAUL
CYCLES SINCE OVERHAUL

Engine: Sériai No. 656952 (right)
11.02.89

Installed in I-ATJA:
Engine operating times at the time of the accident:
Time since installation (TSI):
Total "Stick Hours" (TT):
Total "Block Hours":
Total Cycles (TC):

3749 hrs
37931 hrs
47484 hrs
41170
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Service times of the modules at the time of the accident:
Mod No.

Sériai No.

TT

TC

TSO

cso

1
2
3
4
5

156952
266784
366890
466724
566717

35919
37179
35696
38052
35454

37983
42819
37908
44042
34386

3749
3749
3749
3749
8833

3552
3552
3552
3552
8704

TT =
TC =
TSO =
CSO =

TOTAL TIME
TOTAL CYCLES
TIME SINCE OVERHAUL
CYCLES SINCE OVERHAUL

Engine Maintenance
Module No. 1, 2 and 3:
Module No. 4:
Module No. 5:

9000 CSO
5500 CSO
11000 CSO

Repair and overhaul work on the ALITALIA JT8D-9A is undertaken by Alfa
Romeo, Aviation Division (ARAVIO) in Naples.
Last maintenance works bv ARAVIO
Engine. Sériai No. 667030
From 01.05.90 to 08.09.90 the following works were done on this engine:
Module No. 1

Extensive disassembly and check, and repair of
sub-assemblies

Module No. 2
Module No. 3
Module No. 4

Complète overhaul

Module No. 5

Repairs

Engine. Sériai No. 656952
From 22.09.88 to 28.01.89 the following works were done on this engine:
Module
Module
Module
Module
Module

No.
No.
No.
No.
No.

1
2
3
4
5

Complète overhaul

Repairs with extensive disassembly and checks
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Next Planned Work
Engine Sériai No. 667030
The ND Turbine dise, stage 2 was due to be exchanged after a further 9470 cycles
(residual life). The work was planned for 1995.
Engine Sériai No. 656952
The outer combustion Chamber housing was to be removed after a further 10442
cycles (residual Life) for FPI/FMPI in accordance with ASB 5676-AD87-11-07R1.
The work would have been due in 1996.
Significant faults and defects since installation in aircraft I-ATJA
No significant events were registered in either engine.
Certificates and admission
Certificate of Airworthiness:

No: 9207/b issued by the Italian authorities on
26th September 1974.

Applicable Category:

Public Transport (n-IVTTP-TPm-La)

Minimum Crew:
Passengers:

1 Pilot and 1 Copilot, 4 Cabin Crewmembers
107

Maximum Take Off Weight:

48989 kg

At the time of the accident, 5160 kg of fuel was on board.
According to the Loadsheet, the All Up Weight and Centre of Gravity were within
certified lirnits.
1.7

Weather

1.7.1

During the departure phase, the line flight AZ 404 on 14th November 1990 (LIN ZRH) passed through a cloud mass associated with an occlusion lying over northern
Italy, in which there were no significant meteorological phenomena.
Over the Alps, the aircraft gradually entered the cold air mass which was moving in
behind the occlusion. At Flight Level 200 the aircraft was occasionally out of the
clouds (Tops 18000 - 20000 ft AMSL) which had formed behind the occlusion.
During the descent over northern Switzerland, the aircraft was flying mainly in
cloud. Light icing was possible in this phase. Between 4400 ft and 3900 ft AMSL
the aircraft came clear of the cloud.
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Other aircraft on approach during the same period had the approach and runway
lighting almost continuously in sight.
In thê final phase it could be that the approach and runway lighting of Zurich "
• Airport may have been obscured for an aircraft flyirtg too low, by ä cloud cap on
the Stadlerberg.
.
v

1.7.2

ATIS on 128.520 MHz
Zürich information ECHO
Landing RWY 14
Take off RWY 28
Met report Zürich 1850
240 degrees 4 kts,
Final RWY 14 and 16 250 degrees 7 kts
Lift Off RWY 16 240 degrees 4 kts
visibility 10 Km
Mist
2/8 1500 f t
5/8 3000 f t
7/8 4000 f t
Température 9 dew point 8
QNH 1019, NOSIG
Transition Level 50

1.8

,.

Navigation - Ground Equipment (Zürich Airport)
ILS 14 and other NAV-aids
The following aids are available for approaches to runway 14 at Zürich Airport and
at the time of the accident were serviceable:
Type of Aid

Callsign

Frequencv

ILS 14, CAT Vil/nia
with DME (co-lacated with
thé GP: Distance 0 at
THR 14),OM/MM
VOR/DME
VOR
VOR/DME
NDB
NDB
NDB

KL

108.3 MHz

KLO
ZUE
TRA
RHI
SHA
WAL

116.4 MHz
115.0 MHz
114.3 MHz
332.0 KHz
371.5 KHz
360.0 KHz

Simultaneous use of the ILS bv other aircraft
According to the radar recording, at the time of the accident, two other airliners
were on approach - IBE 588 and FIN 863. There were no reports from these
aircraft relating to problems with the ILS.
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Checks before the Accident
Last calibration in flight
Last calibration:

Glide Path 27 July 1990
Localiser 30 July 1990

These calibrations were conducted using equipment from the Austrian Civil Aviation
Authority. An agreement between Switzerland and Austria enables this mutual
service.
Result: ILS 14 is certified for CAT I I I opérations.
Last ground calibration
Last ground calibration: 14th November 1990 (aftemoon)
Result: The check showed no irregularities.
Check after Accident
At 2150 hrs lt the head of the Technical Navigation Services asked that the head of
the C^erations Service suspend approaches on the ILS 14.
About two hours after the accident a ground check of the 14 ILS installation was
carried out by the responsible technical service under the supervision of a neutral
intermediary.
Result: No irregularities were found.
On the 15th November between 0100 LT and 0300 LT the Airborne Calibration
Unit (LAN) of the Fédéral Office for Civil Aviation (FOCA) executed a flight check
of the most important parameters. Everything was found to be in order, so at
0400 LT the equipment was released for further service. Using this opportunity,
all the other navigational approach aids were checked and found to be serviceable.
On the 16th November 1990 the Calibration Unit (TAN) executed a full in flight
calibration of the 14 ILS installation.
Result: All parameters were found to be in order and the authorisation for the
equipment to be returned to CAT I I I service without limitations was confirmed.
Remarks:

1.

All measurements mentioned above were made without making
any adjustments to the installations.

2.

Weather conditions precluded a complète calibration of the
installation before 16.11.90.

Calibration by Helicopter
On the 20th March 1991 an UFR equipped helicopter followed and recorded the
actual flight path flown by AZ 404. As a result it could be determined that the GP
signal could be received (Valid) until shortly before the accident site.
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Communications Equipment
From the évidence of the Air Traffic Controllers involved, having listened to the
voice recordings and from data from the Technical Service, the communications
equipment (VHF- COM/ATIS) was found to be functioning satisfactorily at the
time of the accident. This was also the case for all internal Air Traffic Control
connections (Intercom, téléphones).
The data from the VHF DF on the Holberg was available at the work stations and
could be superimposed on the radar screens.
There was no évidence that the communications equipment had any influence leading
to the accident.
Radar Equipment and Radar Displays
The Air Traffic Controllers have access to area displays based on one of many
radar receivers. Data from the radar installations situated on the Lägern (Primary/Secondary), Holberg (only Analog Primary/Secondary), La Dôle (Primary/Secondary) and Gosheim, Germany, (Secondary) can be used for this purpose.
Information from the Lägern is the prime source for the Area Control Centre
(ACC), whereas that of the Holberg is used by the Approach Control.
The following information is presented on '21 inch' Screens:
Actual position of the aircraft (identified by a symbol) and its previous
position
Flight Number (or Callsign)
Altitude (Mode C, Corrected to QNH below Transition Altitude)
Ground Speed
Primary radar returns can be displayed due to a phosphorous layer on the
APP screens which allows a long after-glow.
In the TWR there is a limited distance présentation on a télévision (Bright Display).
Data from the Albis weather radar was presented on a separate display in the ACC
and APP. Ail equipment referred to was functioning correctly according to the Air
Traffic Controllers and the Technical Monitors.
An automatic "Minimum Safe Altitude" Warning system (MSA), standard in the
USA, is not available.
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Recordings
The following data is permanently recorded:
Ail VHF radio Channels
(Multi-channel recording units and cassette recorders (short term recording)
at certain stations)
Ail land lines between work stations (Intercom)
(Multi-channel recording units)
Ail téléphone conversations at the work stations
(multi-channel recording units)
Radar tracking data: Radar returns and runway returns of the Multi radar
sytems.
(Magnetic tape recording, including two VHF Channels - display on radar
screens or hard copy on paper)
Data from the TWR 'Bright Displays', analog and synthetic radar data
( Video cassette, sequential recording - display on the 'Bright Display or
hard copy on paper)
The status of the navigation aids (ANIS - monitoring system, computer
print-out)
The status of the radar installations and the data processing Systems
(Computer print-out)
Conversations in the radar room were not recorded by an area microphone.
Ail sources of information and documentation were at the disposai of the
ATC working group. Ail recordings confirmed the correct opération of
the technical ground equipment.
Additional note
No faults were reported by other aircraft crews either prior to or following the
accident
Radio Traffic
The radio communications of AZ 404 with the Air traffic Controllers involved,
presented no difficulties during the whole flight. The mutual compréhension was
constantly good. The communications equipment on the ground and on board the
aircraft was serviceable.

- 16 -

1.10

Airport Equipment
Runway 14 is not equipped with VASI (Visual Approach Slope Indication Systems)
or with PAPI (Précision Approach Path Indicating Systems). The 637 m/AMSL high
Stadlerberg which lies on the approach axis of runway 14 has no obstruction
lighting.

1.11

Fligh Recorder
The aircraft was equipped with a Digital flight data recorder (DFDR) and a Cockpit
Voice Recorder (CVR).

1.11.1

DFDR
Manufactured by Sunstrand, the digital flight data recorder had the following
parameters:
Vertical accélération
Magnetic heading
Pitch attitude
Roll attitude
EPR 1
EPR2
VHF1
VHF 2
Airspeed
Pressure altitude
The easing showed fire damage, the interior had no signs of damage. The tape was
dismantled and transposed both digitally and graphically by the British Air Accidents
Investigation Branch at Farnborough GB. The graphie évaluation is attached as
Annex 7.

1.11.2

CVR
A magnetic tape, manufactured by Sunstrand. As the easing had suffered physical
damage, it had to be eut open. The protective cassette, electronics and the tape
were damaged. Three tracks were used, namely VHF-COM Captain, VHF-COM
Copilot and the Area Microphone. As the pilots did not make use of the headsets
(including microphones), the cockpit conversations were taken entirely from the
Area Mike (Installed in the overhead panel of the cockpit). The original tape was
transferred to Standard cassettes by the British authorities. The cockpit noise level,
together with that of the ATC voice traffic on the cockpit speakers which were
set to a high volume, impaired the interprétation of the conversations between the
pilots which were held in the Italian language. In an effort to optimise the
interprétation of these conversations, the facilities of both the Fédéral German
Accident Investigation Branch at Braunschweig and the Laboratory of the Directorate of Research and Development of the Swiss PTT in Berne were used.
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The transcript of the recordings, both in the original Italian language and an English
translation, are attached to the report as Annexes 6 and 6a.
1.12

Wreckaee and Impact Information
The accident site was situated on the northern slope of the Stadlerberg, a wooded
hill (highest élévation 637 m/AMSL, -200 m above the immédiate surroundings).
The right engine, which was severely damaged, lay at the edge of the main wreckage
area separated from the aircraft tail unit. The left engine was still attached to the
tail unit and was largely intact
By using the impact/damagc trail the final Flight Phase could be determined:
The aircraft contacted the first trees in an essentially level flight path and with no
roll angle, mainly with the right wing and forward fuselage. This is evident from
parts found near the first trees to be damaged: wing leading edge/slat, parts of the
green position light cover on the outer right wing and the rear nose-gear door. At
this point essential parts of the control Systems (electronics) were probably
damaged. As a result of the destruction, particulariy in the right wing area, the
aircraft received an asymmetric lift force which lead to the next impaclpoint with
the trees having a considérable right wing low attitude. The aircraft turned itself
further about its longitudinal axis to the right until it Struck the ground, where
the right engine was torn off before the tail unit finally separated, and the fuselage
(together with the occupants) impacted the steep hillside.

1.13

Médical and Pathological Information
The mortal remains of the pilots were given a post mortem where possible by the
Zürich Pathological Institute (GMI). The cause of death in both cases was injuries
received during the accident and the effects of fire. There was no évidence of any
relevant pre-existing health problems.
S amples were taken from the bodies of both pilots and were subjected to chemical
and toxicological tests. In summary the Chemical Service of GMI Zürich records
that:
"In the case of the Captain, there is no évidence of significant toxic substances."
There were no signs of the présence of médicaments or drugs in the Copilot.
However various leveis of Ethyl Alcohol concentration between 0.02 0/00 and
0.3 8 0/00 were found in the body tissue and blood. It can not be proven whether
this alcohol présence was caused by alcohol eonsumption whilst alive or the effects
of bacteriological production after death."

1.14

Fire
The aircraft caught fire immediately after the accident. This spread rapidly although
not over the immédiate surroundings. The fire brigades from Weiach, Bülach,
Dielsdorf, Glattfelden (all Zürich) and from Hohentengen (Germany), and in addition
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the Airport Fire Service from Zürich and the Company Fire Service from Swissair,
were all soon at the scene where they immediately began fighting the fire, thus
preventing a serious forest fire from starting. The fire could only be completely
extinguished towards the evening of the following day, as the first fire fighting
was done using water spray in order to prevent unnecessary damage to the debris
for the investigation.
Amongst other reasons, the cause and the duration of the fire can be traced back
to the 5160 kg (6450 1) kerosine in the wing tanks.
1.15

Survivabilitv
Those aircraft occupants who were not fatally injured in the accident, riied from
bums or from smoke poisoning. The accident was not survivable.
Had there been some survivors, optimal médical support was available due to the
close proximity of the airport and the trained Airport First Aid Service.

1.16

Tests and Research

1.16.1

Investigation of the navigationjystem in the AircrafUTjAV - PME, GPWS)
From the CVR recordings it was evident that as the aircraft intercepted the
localiser, the crew at first had difficulties in receiving the glide path signal and
selected mode RADIO 1 for the final approach whereby, at about 12-13 NM
(distance from the runway), they received a glide path signal. The PIC reported
"capture LOC, capture glide path capture, so we are on the beam a little off track,
but....". Accordingly the crew were of the opinion that the aircraft was on the ILS,
a little offset to the east (this small initial offset caused by a slight overshoot of
the LOC, is confirmed by the radar recording). The aircraft was in fact on the
localiser however it was about 1300 ft beneath the glide path. This is also evident
from the radar recording.
A reconstruction was made on the 9th March 1991 using an aircraft of the same
type (same equipment) belonging to ALITALIA (similariy the AZ 404), where the
flight path was followed exactly down to an altitude of 4000 ft QNH. As a result
it was determined that until GP interception, the glide path needles on all four
instruments was in the fully UP position; that is out of sight. On the 20th March
1991, using an IFR equipped helicopter, approaches were made right down to the
accident site following data from the accident flight. The glide path indications
remained in the fully UP position although in one instrument no warning flag
appeared and in the other a flag appeared at a distance of 6.8 NM ILS/DME.
Because, on the one hand the PIC reported the présence of a glide path signal to his
Copilot, although this was at a distance and height where no such glide path should
occur, and on the other hand the test of the ILS installation undertaken immediately after the accident confirmed its correct opération, particular attention was
focused on the aircraft's NAV equipment
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1.16.1.1

The Navigation Systems and their Indications
The DC-9-32, I-ATJA was equipped as follows:
3 COM - set (radio)
2 NAV receivers (VOR+ILS+GS)
2 DME, receiver frequencies controlled via NAV receivers
2ADF
2 Flight Directors
2 Radio Altimeters
1 Autopilot
1 Marker receiver
2 Servo compassés (slaved gyros)
The Ground Proximity Warning System (GPWS) was not found.
The NAV equipment produced the following indications:

1.16.1.2

The VOR signal was presented on 2 HSI and on 2 RMI with double pointers
The DME distances were presented on the two HSI
Both ADF on the two HSI
The Flight Director controlled indications in the Artificial Horizons (ADI)
Each pilot had a Radio Altimeter indication
The GPWS gives an aurai alarm and an order with a computer generated
voice
The marker receiver shows the position in the final approach with three
lights and on behalf of acoustic signais
Glide path and localiser are presented both on the artificial horizons and on
the HSI
The slaved gyros give the heading on the HSI and RMI and can be coupled to
the Flight Director.
NAV receivers

1.16.1.2.1

Historv of the NAV receivers at ALITALIA
ALITALIA took over a number of DC-9-32 aircraft from ATI (Aero Transporti
Italiani), amongst them I-ATJA. The ATI aircraft were equipped with KING
receivers. The aircraft of the same type with ALITALIA were equipped with
COLLLNS units. The COLLUMS and the KLNG receivers are completely interchangeable. In time these units became fully intermixed.

1.16.1.2.2

Monitoring of the Output Signal of the NAV Receiver
A major disadvantage of the analog ILS Systems is that when no output signal is
produced by the NAV receiver (GS and LOC) the same indication is given as in the
"On Course" or "On Glide Slope" case. This situation could occur with a short
circuit or a signal break between the receiver output and the indicator (eg: HSI,
ADI).
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A monitored receiver (eg: COLLINS -109) is able to detect this type of failure and
to présent a failure flag.
The KTNG KNR 6030 NAV receiver is essentially not monitored in this way.
The accident aircraft DC-9-32, I-ATJA was fitted with one KLNG KNR 6030 and
one COLLINS 51RV-2B (P/N 522-4280-108) NAV receiver, that is equipped with
two unmonitored units.
1.16.1.2.3

Description of the Glide Slope (GS) Receivers KTNG KNR 6030
The gilde slope réception unit consists primarily of:
HF-receiver
Mixer Ist and 2nd
Synthesiser (phase locked loop)
IF (Intermediate Frequency Stage)
Demodulator (150/90 Hz composite signal)
Automatic Amplification Regulator
In the circuit, the Deviation Detector dérives the GS déviation signal from the
composite GS signal and présents the information on the cockpit instruments via a
déviation driver. The glide slope signal is passed from the Deviation Driver (printed
circuit board) via a "Motherboard" (also a printed circuit board) and a cable loom
to a rear-mounted equipment plug.
The flag circuit monitors the receiver part and the déviation detector. The
déviation driver together with the subséquent signal routing then remains unmonitored. A valid signal (Warning flag in the instrument out of view) means that an
adéquate signal (more than 10 micro volts) is available at the entry port, and that
the modulation (150/90 MHz) lies within tolérance.
The frequency is selected by means of the NAV/DME control panel on the
glareshield. With the Flight Director Control selector in position RADIO 1 or
RADIO 2, the frequency of NAV receiver 1 will be set by the left NAV/DME
control panel, and that of the NAV receiver 2 by the right control panel. However
in the position APP, both NAV receivers will be tuned to the frequency on the left
NAV/DME control panel.
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By using a self test, both the localiser and the glide slope receivers can be tested
simultaneously. As a result, an internally produced test signal will be fed to the
second mixer stage of the respective receiver. With the exception of the antenna
and the first mixer stage, practically the whole receiver will be ehecked during a
self-test On the instruments, the indicator needles will move to the position of the
self-test button - either UP/LEFT or DOWN/RIGHT. The warning flag disappears
momentarily and reappears as long as the test button is pushed.

SELF-TEST
SIGNAL I INJECTION
GS
SYNTH.

GS ANTENNA
(RADOME)

• FREQUENCY REFERENCE (50 Khz)
• FREQUENCY SELECT INPUT(2 of 5)

not flag monitored

52 Mhz

FAMPL,
RF-MIXER

DETECTOR
AGC

DEV. DET.
FLAG CKT

DEVIATION
DRIVER

GS DEV.
OUTPUT

GS COMPOSITE
SIGNAL (9M 50 Hl)
FLAG
DRIVER

GS FLAG
OUTPUT

Block Diagram KLNG KNR 6030 GS Receiver
1.16.1.2.4

Previous Historv of the NAV receivers fitted ot I-ATJA
On the flights immediately prior to the accident flight, there were complaints about
the TO/FROM indication on the Copilot's HSI. This was during a flight from DUS
to LIN. In LLN the NAV units were swapped. After a crew change, I-ATJA flew to
FRA. Following the swap the fault was identified. There was also a complaint about
oscillations on the glide slope during a coupled approach (ca. 200 ft). This
complaint was most probably attributed to the autopilot. I-ATJA then flew back
to LLN.
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1.16.1.2.5

Unit exchange in LLN
Having landed after the flight from FRA, I-ATJA was parked on position 16 at
LLN. Two ALITALIA employées changed both NAV receivers for a KING receiver
KNR 6030, S/N 2256 in the NAV system 1, and a COLLINS 51RV-2B in the NAV
system 2. A self test was conducted on both Systems. Following this both
technicians checked the functioning of the equipment in the NAV mode, in that they
switched off the signais of the LIN VOR and that of the LIN localiser. However it
was not possible to test the réception of the ILS glide slope signais due to the
parking position of the aircraft.
This is how, I-ATJA was released to service, with the status COUPLED
APPROACH CHECK. This status could be proven after the accident as the STATUS
MODE INDICATOR was recovered. According to ALITALIA procédures, the pilots
are required to exécute a automatic approach in weather conditions of CAT I or
better so that the status COUPLED APPROACH ALLOWED can be achieved

1.16.1.2.6

Workshop History of NAV receiver KING KNR 6030
Based on documentation produced by ALITALIA, it can be assumed that the NAV
receiver KING KNR 6030 S/N 2256 fitted before the accident flight was serviced
in the Workshop in accordance with standard procédures. The prior history of the
receiver gave no negative indications.

1.16.1.2.7

Investigation of NAV receiver KING KNR 6030
Based on the cockpit conversations, it can be assumed that the crew believed that
there was a problem with GS Signal No 2, and therefore switched from
APPROACH to RADIO 1. Based on the flight progress, it must be assumed that GS
indication No 1 was unreliable. Therefore the investigation was concentrated on
NAV receiver No 1.
The receiver KING KNR 6030, S/N 2256 was recovered from the accident site in a
badly damaged condition. The unit was considerably deformed and had fire damage.
The aircraft plug had beenrippedfrom the cable loom, and separated from the
radio rack and was found on the receiver unit. There was no sign of pre-accident
damage on this plug.
In the NAV receiver itself, the glide slope déviation signal circuit was followed
from the rear mounted unit plug until the interface board. At the transfer between
the cable loom and the mother-board a break was detected at the connections
E2644 and E2648. The specialists from the Zürich Police Scientific Service (WD)
determined that no pre-accident damage was présent at this connection. The
circuits on both the mother-board and the interface-board were intact.
The condenser C2914 on the interface-board was destroyed and could not be
tested. The same is valid for CR2901.
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The IC I 2903 in the glide slope déviation driver was missing. The IC I 2904 in the
VOR/LOC déviation driver was found loose in the unit. The Scientific Service
specialists determined that both IC must have been pulled from their respective
réceptacles by accélération forces.
A detailed examination of the interface-board was not possible due to the high
degree of damage. It is noted however, that a fault in an electronic component on
this board would tend to have caused a hard-over, rather than a centred indicator
needle.
The examination of the NAV receiver KTNG KNR 6030 gave no firm indications of
a pre-crash deficiency. It can not, however, be excluded that this unit could have
accounted foi a "frozen" centred glide slope indication.
1.16.1.2.8

Information from ALITALIA
On the 12th June 1991 ALITALIA informed the Investigator in Charge that:
During an approach a centred LOC indication without a warning flag had been
reported. The defective KTNG KNR 6030 receiver had been removed. The defect
could be verified in the Workshop. A cold solder in the déviation driver circuit
could be identified as the cause of the "frozen" indication.
It can not be excluded that a similar fault in the GS déviation driver unit could lead
to a "frozen" GS indication.

1.16.1.3

NAV receiver Switching Unit (NSU)
The ALITALIA DC-9-32 has, as aiready mentioned, two NAV receiver units. The
pilots have the choice of selecting as a source for their indicating instruments (HSI
1 + 2, ADI 1 + 2) NAV receiver 1, 2 or separated, as desired. This switching is
effected by a NAV Switching Unit between the NAV receivers and the indicating
instruments.
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1.16.1.3.1

Description of the NAV Switching Unit
The NSU consists of a number of rotary switches which are positioned by a
motor. The motor receives its control signais from a RADIO switch which is
located on the Flight Director Control Panel.

PIC
Bow Tie
ADI-1
NAV 1

NAV
COMPARATOR

I

NAV 2

HSI-1

Switch
Unit

ADI-2
HSI-2
COPI
Bow Tie

Block Diagram of the NAV System
The RADIO switch has three positions (Annex 8 + 9):
RADIO 1: Ail indicators (HSI 1 + 2, ADI1+2) receive signais from the
Output of NAV receiver 1.
RADIO 2: Ail indicators (HSI 1 + 2, ADI 1+2) receive signais from the
Output of NAV receiver 2.
APP: HSI 1 and ADI 2 are fed from NAV receiver 1.
HSI 2 and ADI 1 are fed from NAV receiver 2.
The selected frequencies are also changed by the same NSU.
RADIO 1:

NAV receiver 1

= frequency selector pos. 1

RADIO 2:

NAV receiver 2

= frequency selector pos. 2

APP:

NAV receiver 1 + 2 = frequency selector pos. 1
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The frequency sélection of the DMEs is not influenced by the NAV switching unit
The NSU is located in the avionics compartment.
1.16.1.3.2

Manufacturer^ Information
On the 22nd July 1984 the aircraft manufacturer DOUGLAS issued an ALL
OPERATOR LETTER. In this letter, the possibility of a "'frozen" glide or localiser
indication without a warning flag was described.
DOUGLAS specified two NAV receiver groups:
1

Receivers which did not have a localiser and glide slope Output signal
monitor.

2.

Receivers with the respective monitoring.

Ln the group of monitored units, DOUGLAS assumed that all COLLINS 51RV-2B
units had been modified to -109 (With Monitoring) status, as COLLINS had
previously recommended in 1975. The false assumption by DOUGLAS about the
COLLINS units, may have led to certain DOUGLAS customers as with ALITALIA
not being alerted, and thus continuing to operate with unmonitored (-108) units.

1-16.1.3.3

At ALITALIA, the COLLINS receivers were not modified and at the time of the
accident were still of -108 status.

\

On the 17th April 1985 DOUGLAS conducted a seminar in the USA on the subieef
"HSI/GLJDE SLOPE UNFLAGGED FALLURES"
'

*

Amongst others, Captains from ALITALIA and ATI took part in this seminar.
Dunng this seminar attention was once again drawn to the dangers of "unflagged
glide slope failure" in connection with NAV switching.

!
'

Examination of the NSU of I-ATJA
The NSU from I-ATJA, P/N 600 916-101, S/N 222 (séries 002) manufactured by
Butler National, was recovered from the accident site.
The condition of this unit allowed closer examination. As the rotary switch is
positioned by an electric motor, it could not change position during the impact
The examination of the NSU showed that the switch position was undoubtedlv
RADIO 1.
Contrary to this, the RADIO switch on the Flight Director panel was recovered in
the position APP. It must therefore be assumed that either one of the pilots moved
the switch shortly before impact or it was shifted by mechanical force.
Finding the NSU in position RADIO 1 undoubtedly confirms the position which the
pilots selected for the approach according to the cockpit conversations (CVR)
Dunng a routine approach with ALITALIA, the position APP would be used
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1.16.1.4

Examination of the Captain's HSI
The HSI was subjected to a trace examination by the Scientific Service (WD). As a
result, a concentration of heavy impressions from the GP needle was found on the
GP scale about 1/3 of a dot above the centre mark. A microscopic comparison of
the impressions with a new GP needle confirmed this fact.
In addition it was also be found that at the time of the impact no warning flags
were in the pilots' field of view.
The concentration of impressions about 1/3 of a dot above the centre mark can be
explained as follows:
Before contacting the hillside, DC-9-32 I-ATJA first Struck some trees. As a result
it was turned against the hill face and only then Struck the solid surface. In the
accident the collision was a relatively long event. This had the result that during the
whole collision, the GP needle vibrated both ways, i.e. vertically and horizontally.
It can be assumed that the collision with the first trees moved the GP needle out of
the centre position which would explain the concentration of impressions referred
to.

1.16.1.5

Comparator

1.16.1.5.1

Description (see Annexes 8 and 9)
The ALITALIA DC-9-32 is equipped with a NAV instrument comparator. This
compares, amongst other things, the déviation signais of the GP and LOC. It
produces an optical warning for the pilot on the so calied "Bow tie" indicator if a
discrepancy is detected above a pre-determined threshold. This comparator is only
active when the RADIO selector is in the position APP, i.e. when both NAV
receivers deliver valid GP and LOC signais. In addition, the signal must be valid.
In position RADIO 1 or RADIO 2, (i.e. NAV 1 or NAV 2) the comparator is not

active.
1.16.1.5.2

Examination of the Comparator
The comparator of I-ATJA was recovered from the accident in a considerably
damaged State. A closer examination of this unit was impossible. There is a slight
possibility that a short circuit in the GP signal input of the comparator could have
caused a centred GP 1 indication (without warning flag).

1.16.1.6

Ground Proximitv Warning System (GPWS)
ALITALIA DC-9-32 aircraft are equipped with GPWS. According to the ALITALIA
documentation, a Sunstrand Mark I I GPWS P/N 965-0476-088, S/N 5127 was
installed. The GPWS belonging to I-ATJA was not recovered from the accident site
and thus could not be examined.
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The sound of a GPWS waming is never audible on the CVR. This played a
significant role in the accident séquence.
1.16.1.6.1

Functional Analvsis of the GPWS on the Accident Flight
In the final phase of the accident flight the following waming modes might apply
due to the aircraft configuration (gear down, flaps down):
Mode 1 :
Mode 2b:
Mode 5:

Excessive sink rate
Excessive terrain closure rate
Excessively below glide slope

Mode 1
As the sink rate was within the specified limits at all times, this waming can be
mied out.
Mode 2
Whilst overflying the Küssaberg Mode 2a was still active. At this point a closure
rate of about 4000 ft/min would have been necessary for a warning to be
triggered.
Having crossed the Rhein the flaps were extended to more than 15 so the GPWS
changed to mode 2b. The fact that the "Terrain" waming did not occur could be
traced back to a combination of flight profile and terrain profile.
Mode 5
As long as the landing gear was extended whilst overflying the Küssaberg, the
GPWS should, at that point, have given a "BELOW GP" waming. In the région of
Weiach, ail conditions required for a waming were definitely fulfilled.
Possible reasons for the failure to occur:
GPWS respectively GPWS computer defect
False glide slope indication (centred!).
The GPWS was thus unable to give a waming.
1-16.1.7

Distance Measuring Equipment (PME)

1.16.1.7.1

Description of the DME
ALITALIA DC-9-32s are fitted with two DME interrogators. The distances are
displayed on both the PIC's and the COPI's HSI, which means that for each pilot
two independent DME readings are available. The frequency sélection is independent
of the position of the RADIO switch on the flight director control panel. DME 1
dépends on the NAV 1 selector and DME 2 on NAV 2 selector.
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1.16.1.7.2

Examination of the DME
The PIC's HSI was recovered in a State which permitted examination. The DME
indicators on the HSI showed unrealistic values which could be attributed to the
fact that they were in the "search mode" at the time of the accident
This assumption was confirmed by the test flight of 20th March 1991 (FOCA) on
which the DME indications were lost at about 7 NM IKL. As it followed the flight
profile of the AZ 404 the helicopter entered a réception 'shadow' due to the
Stadlerberg. According to the CVR, realistic DME values were noted. We can
conclude from this that until this shaded area at about 7 NM, the DME's were
working normally.
DME 1 showed the selected frequency of the DME-ILS 14 (108.3 MHz) and DME 2
that of DME-KLO VOR (116.4 MHz).

1.16.1.8

Autopilot

1.16.1.8.1

Description of the Autopilot
The DC-9-32 of ALITALIA is equipped with an SPERRY SP-50A autopilot. This
autopilot enables the pilots to lead the aircraft automatically to the GP and the
LOC beam and to remain on these beams.
It appears from the DFDR trace that, in all probability, the aircraft captured and
tracked the localiser beam with the autopilot. It is assumed that the NAV selector
on the autopilot control panel was placed in the position ILS shortly before
reaching the LOC beam.
In the normal case, in this position, the aircraft will continue in the same pitch
mode ("Altitude Hold", "Vertical Speed", "LAS Hold"). Shortly before reaching the
GP beam, the autopilot will command the aircraft to descend with a rate of descent
of 700 ft/min for ten seconds and thereafter to follow the GS beam.

1.16.1.8.2

Examination
On the accident flight, on switching the NAV selector on the autopilot control
panel, the aircraft was immediately commanded into a descent with a rate of
700 ft/min. It can therefore be assumed that the autopilot received an almost
centred signal from NAV receiver 1.
An analysis of the autopilot function and the flight profile shows that the
autopilot was most probably following a centred "frozen" GP signal.
A reconstruction of the flight conducted by ALITALIA showed that with the same
fault, the profile was identical to that of the accident flight.
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Examination of Passengers' Portable Téléphones (NATEL = Portable Equipment)
As there were 15 passengers with Swiss résidence on board, investigation was made
into the possible use of NATEL-C units by one of the victims during the approach.
The use of NATEL units in aircraft has been prohibited by the PTT; this point is
made in every subscriber's "conditions of use" document.
The reason for this prohibition lies in the problems associated with the single
Channel operating system (range), and also to eliminate the risk of interférence with
electronic equipment on board the aircraft.
Due to technical reasons, the mobile téléphone system used in Switzerland can only
be used in Scandinavian countries and not in those bordering Switzerland. Thus the
investigation concentrated on the Swiss owners of mobile téléphones.
This investigation was undertaken by the Zurich Kantonspolizei. It showed that ten
passengers were in possession of NATEL-C units. Seven of these units were still in
service after the accident. Two further units were found in victims' cars. The last
of the ten NATEL-C units was used again on 2Ist December 1990.
A check of the wreckage recovered from the accident site gave no indications that a
NATEL-C unit could have been on board DC-9-32 I-ATJA.
As a result of these investigations therefore, it was clear that no NATEL-C units
had been taken on board the accident DC-9-32 by those victims who had been
resident in Switzerland.

1.16.1.10

There were no dues which could be traced back to the présence of other portable
electronic devices except for an electronic calculator.

1.16.1.11

Summary

1.16.1.11.1 Evidence
The évidence supporting a technical fault in the GP déviation circuit in NAV 1 is:
It is inferred from the cockpit conversation that the crew had set the
RADIO switch to the RADIO 1 position (NAV 1). ALITALIA requires the
APP position.
The examination of the NAV switching unit (Point 8) shows clearly that this
was in position RADIO 1.
The impressions on the side of the GS seale in HSI 1 just above the centre
mark originate from the GP needle and were caused by the accélération
forces during the collision process.

- 30 -

1.16.1.11.2 Clues
Clues which support that a technical malfunction in the GP déviation circuit of NAV
1 existed:
The behaviour of the autopilot during the approach
The behaviour of the GPWS
The normal functioning of the ILS transmitter for runway 14 at ZRH
The fact that even before this accident, similar problems had existed on
other aircraft. (centred "frozen" déviation indications) (according to
communications from the aircraft manufacturer)
1.16.2

Altimeter
The altimeters installed in the aircraft were of the "drum pointer" type. On these
the height is presented in thousand foot steps on a drum. For the détails of the
height above or below the particular thousand foot point a needle points on a
round scale. The 'hundred' steps are numbered 1-9, each 20 ft step is marked by a
small line.
On the drum pointer altimeter, two steps are required to read the height as part of
the information is on the drum, and part on the round scale.
Only small parts of one of these altimeters were found in the wreckage. The degree
of destruction was so great that no readings and no further examination was
possible.

1.16.3

Reconstruction of the Flight
On the accident flight, in the région of 16 - 14 NM (ILS/DME RWY 14) about 1 2 NM west of the ILS centreline, at an altitude between 4800 and 4500 fr AMSL,
problems occurred with the Glide Path indication. On the 9th March 1991, in order
to check the réception and indication of the Glide Path signal with the same
environmental conditions, a line flight (LIN to ZRH AZ 404) using an ALITALIA
DC-9-32 followed the same flight path as that of the accident flight down to an
altitude of 4000 ft QNH. It was possible to confirm that during the whole flight,
until interception of the Glide Path, the GP indicator needles on ail four indicators
were always in the upper limit (out of sight) position. After tuning the VHF-NAV
receiver to the ILS frequency at a distance of 17 NM (ILS/DME), the GP or LOC
"flags" never appeared.
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To obtain data about the réception quality of the Glide Path signal and the ILS
DME throughout the Approach profile, two helicopter flights were conducted on
20th March 1991. The first flight during daylight, the second at night. The
helicopter whüst flying on the LOC (RWY 14), followed the vertical profile from
14 NM (ILS/DME) until the point of impact. In addition to the two aircraft
receivers, a GP signal strength measuring unit was used. During both flights the
following observations were made:
LOC centred
GP (Left) Full Fly UP
GP (Right) Füll Fly UP
DME

NO FLAG
NO FLAG
FLAG at 6.5 NM ILS/DME
FLAG at 6.5 NM ILS/DME

Additional observations at night:
Düring the approach, the runway was visible until a distance of 7 NM LLS/DME.
The Stadlerberg seemed to be a "Black Hole".
Using the BRITISH MIDLAND/FLYTSIM DC-9-32 Simulator at High Wycombe GB,
the technical and operational implications of a scénario caused by a false GP
indication from NAV-1 were noted. The Simulator was modified to create an "open
circuit" in VHF NAV-1, and thus a centred GP indication without a GP FLAG. The
ALITALIA DC-9-32 Simulator in Rome, which is identical to the accident aircraft,
was modified in the same way. The séquence and corrélations together with the
résultant observations are noted in the analysis (2.3.1).
117

Miscellaneous

1.17.1

Air Traffic Control

1-17.1.1

Personnel Organisation of the affected ATC Shift
Personnel on Duty at the time of the accident in TWR/APP
Aérodrome Control
Ground Control GRO, Supervisor
Clearance Delivery
Communications
Coordinator Approach
Approach Control (West Sector)
Approach Control (East Sector)
Departure Control

ADC DL CLD COM CAP APW APE DEP -

1 person
1 person
2 persons
1 person
unmanned
1 person
unmanned
1 person
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Allocation of Workstations
The Workstations were allocated according to a shift plan. As a result of the
reducing level of traffic, at about 1909 Hrs the CAP and DEP stations were closed
as usual. The Controller (ATCO) who had been relieved from the APP station was in
the TWR available for further duty.
The AZ 404 was handled by APP west. The duty Controller had the following duty
and rest times:
Shift began at 1500 lt 14th November 1990
Between 13th November and 14th November 1990 the rest period was
adhered to. On the Hth November there was no alcohol intake or use of
médication.
Just before the accident the ATCO was handling 6 aircraft simultaneously.
According to Statements from colleagues, handling 6 to 8 aircraft an ATCO is not
overloaded and this represents a normally high workload. Another ATCO stated
that 6 aircraft was a normal high workload but the limit is reached with 10 to
12 aircraft.
1.17.1.2

Applicable Instructions for the Air Traffic Controller
The applicable instructions are mainly in the Manual of Air Traffic Control (Zürich)
which is based on the relevant ICAO procédures.

1.17.2

ALITALIA Flieht Procédures
These are to be found in the ALITALIA DC-9-32 Operating Manual and the
ALITALIA Flight Operations Rules and the ALITALIA Company Manual.

1.17.3

Approach Charts
The ILS approach to runway 14 at Zurich is published in the ALP Switzerland. The
approach chart published by the FOCA and current at the time of the accident is at
annex 10 of this report. The approach chart from the ALITALIA Route Manual
used by the crew can be found at annex 11, such a chart was used by the pilots.
By comparing the two Charts, it can be seen that, on the ALITALIA charts there is
no relief shown beneath the final approach contrary to the AIP chart.

1.17.4

Recommendations of the Interim Report and the Reactions of the Responsible
Authorities
In accordance with article 24 paragraph 2 of the Fédéral Council's Ordinance for
Air Accident Investigation of 20th August 1980, on the 19th December 1990 the
Investigator in Charge established some recommendations and immédiate measures
by means of an intérim report, which was sent to the FOCA in Berne, and to the
Italian Ministry of Transport (Ufficio Sicurezza Volo) in Rome.
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The Recommendations to the Italian Authorities were;
1.

The ALITALIA Company Operating Manual should be expanded in the
following sense:

1.1

Should it not be possible to fly an ILS approach in the normal APP mode,
and it has to be flown in NAV 1 or NAV 2, this is only allowed after
checking position and altitude. In such a case, cross checks must be carried
out by the crew at regulär intervais as on a LOC approach.

1.2

The flight director pitch bar must not be centred manually.

1.3

After a call "GO AROUND" the respective measures should follow immediately, irrespective of who (the PIC or the Copilot) calied for iL A GO
AROUND, once started will be compieted and not interrupted. (= 04.20.8
Operating Manual).

1.4

A simulated CAT U approach should be defined in the sense that a genuine
CAT U approach should be executed.

2.

It should be evaluated whether by issuing a personal route manual to each
pilot, this would lead to a better flight préparation (home study).

3.

The pilots should always have the approach chart in their direct field of view
(perhaps a smaller format).

4.

The approach Charts in the ALITALIA Route Manual should have appropriate
terrain section profiles under the glide paths (compare approach chart ILS
14 Zurich AIP Switzerland).

The Italian Ufficio Sicurezza Volo issued the following safety recommendations to
the Italian Airlines on 15th January 1991 (Translation from Italian):
SAFETY ADVICES
1.

The airiine opérations documentation shall contain the following information clearly:

1.1

When an ILS procédure is being conducted on any aircraft type using a single
VHF NAV receiver, it is mandatory to maintain a continuous check of the
correct vertical and horizontal position. This check is mandatory for aircraft
which have a Flight Director system with the possibility to switch to
RADIO 1 or RADIO 2 enabling the ILS présentation to be fed from a single
receiver.
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1.17.4.2

1.2

Whilst conducting a flight, i f a situation anses which should be stopped and
in the sense of "crew intégration and communication" communication
between the two pilots is lacking, the required corrective action should be
executed by the pilots immediately. The one who recognised the situation
must be supported until the completion of the manoeuvre. Above all if such
a situation occurs during a final approach, the Go Around must be executed
instantly and the PNF must give the maximum support so that the manoeuvre can be compieted conectly.

2.

The airiine shall mention the following in documentation and during training:

2.1

The Briefing for an approach must be short and concise; it should however
contain, bcaring in mind the aircraft configuration and the approach proce
dures, minimum altitudes at defined positions with their correct identification, the DH (Décision Height) or the MDH (Minimum Décision Height)
connected with the approach procédure. The discussion of items which are
not directly connected with the above should be avoided, for the sake of
control of the flight, and the conect exécution during the approach and
landing phases only the initial points of the possible Go around should be
mentioned.

2.2

Ail possible available information must be used to gain a complète picture of
the accuracy of the actual position.

Recommendations to the Swiss Authorities
1.

The Manual of ATC (Switzerland) should be expanded in the sense that the
Approach Controller should monitor the altitude (as long as an appropriate
SSR signal is visible on the radar screen) until the crew has calied established.
If needed be the crew must be requested to make this call.

2.

All ILS runways in Switzerland should be equipped with a PAPI system.
ICAO recommends VASI or PAPI for ail ILS RWYs. Various states including
Switzerland have exempted ILS RWYs and have notified ICAO accordingly.

3.

The érection of an obstacle lighting system on the Stadlerberg should be
evaluated immediately. According to cunent ICAO standards, the natural
obstacles beneath an ILS need only be lighted to a distance of 3 km from
the RWY threshold. The distance of the Stadlerberg from the threshold
RWY 14 is 9.3 km.

The reaction of the Fédéral Office for Civil Aviation (FOCA):
to 1. On the 20 December 1990 the FOCA gave the instruction to SWISSCONTROL that the recommendations being an immédiate and intérim measure
should be followed immediately. Swisscontrol actioned this instruction with
an amendment to the Manual of ATC valid from 22nd December 1990.
The relevant Swisscontrol operating instructions were adjusted on the 5th
February 1991 and are still in force at the completion of the investigation.
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to 2. Installation of PAPI on all Swiss ILS runways will be evaluated.
to 3. Steps have been taken to obtain obstacle lighting for the Stadlerberg.
1-17.5

Recommendations from the US NTSB to the FA A
In January 1992 the officiais responsible for accident investigation in the USA the
National Transportation Safety Board (NTSB), issued the following Safety
Recommendations to the Fédéral Aviation Administration (FAA) for publication.
The recommendations are:
'Issue an Air Carrier Operations Bulletin to Principle Operations Inspectors
requiring that. Operators of airplanes equipped with the following navigation
receivers include in their operating manuals procédures for detecting malfunctions
that result in the display of disparate information: Collins model 51RV-L Collins
model 51RV-4; Wilcox model 806; King model KNR 6030; and some versions of
Bendix model RNA 26C. Also notify formally foreign airworthiness authorities
about the potential failure mode in such equipment'. (For full text see Annex 12)
The NTSB recommended to the FAA that pilot handbooks of those airlines which
use NAV receivers of the models specified should included an appropriate waming,
and that the foreign (non American) aviation authorities should be informed.
ALITALIA have aiready amended their books accordingly and thus have aiready
complied with this American recommendation (see Annex 15).

1-17.6

Go Around Procédure
According to calculations from the investigating team and from the manufacturers
the go around started by the Copilot 19 seconds before the accident would have
been successful had it not been interrupted (Annex 14).

2.

ANALYSIS

2.1

The Ground Eouipment

2-1-1

The Instrument Landing System of Runwav 14
This was used by other aircraft prior to and after the accident without any
irregularities being noted. The calibration flight conducted by the FOCA calibration
aircraft a few hours after the accident, confirmed that the LLS equipment was
functioning normally. It can therefore be assumed that at the time of the accident
the ILS 14 (CAT ITf) was functioning normally.

2-1-2

Obstruction Lighting on the Stadlerherp
The Stadlerberg is too far from the runway threshold for it to require obstruction
lighting, as specified by the ICAO standards. As the 637 m high Stadlerberg can not
be seen at night due to its unlit surroundings, it could thus become a danger to
aircraft unintentionaUy flying below the glide. The subject of obstacle lighting has
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been in discussion between Swissair, the airport authorities and the FOCA since
1976. Supported by the recommendations in the intermediate report to the
authorities of the 19th December 1990, this lighting will now be erected.
It is not to say that the crew of the accident aircraft would have noticed such
lighting. It gives no indication on the CVR recording that one of the pilots looked
outside before the accident. It is more likely that in accordance with normal
procédures and from the CVR conversations that their attention was concentrated
fully on the instruments. Additionally, the Stadlerberg was capped with a cloud
layer of unknown thickness.
Angle of Approach Lighting
Contrary to the ICAO standards, Switzerland and other countries do not equip ILS
runways with Angle of Approach Lighting (VASI or the more accurate and modern
PAPI). Switzerland has made ICAO aware of the différence.
As an angle of approach lighting system could have been of assistance in the event
of an error in navigation and with visual conditions, the installation of a PAPI
system is now being evaluated for Swiss LLS-runways.
The Aircraft

An explosion on board the aircraft during the approach could be excluded soon
after the accident. There were no such clues. The radar recordings clearly showed
that the aircraft had aiready descended below the correct altitude.
The examination of the engines after the accident and the recordings from the
flight data recorder excluded any engine damage. These were working correctly
throughout the flight.
The recordings from the CVR show that the instruments (ADI/HSI) had apparently
captured the glide slope and at a moment when the aircraft was flying about
1300 ft below the glide path. Special emphasis was placed on the examination of
the NAV instruments and the NAV receivers. In respect of the indications, only a
part of the Captain's HSI unit was found. With the help of microscopic examination, it could be determined that during the impact, the glide path indicator had
been positioned just above the centre "On Glide" position.
Securing of évidence, examination, and évaluation of the CVR confirmed that all 4
NAV indicating instruments followed the glide path during the final approach,
although the aircraft was flying under the nominal glide path of RWY 14.
NAV receiver 1, onto which all 4 NAV instruments were switched during the final
approach, could be recovered and examined. No pre-crash defects were found either
on the unit, or on the plug in question. Admittedly after the accident, it was
found in a heavily damaged and deformed State.
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The detailed examination of the NAV equipment and the letter dated 24th August
1984, which related to the NAV Switching Failure Mode, passed to the Investigator in Charge by the aircraft manufacturer McDonnell-Douglas, shows that the use
of the NAV mode can lead to a completely false LOC or GS indication ('ON'
indication) without any warning appearing in the instrument (red flag). This happens
when the NAV receiver does not deliver an Output signal. The letter from the
Douglas Aircraft Company went to all Operators of DC-8, DC-9, C-9 and MD-80
aircraft and showed the doubtful NAV receiver types in which the failure could
occur. ALITALIA received the letter and the accident aircraft was equipped with the
receivers in question.
Although the Douglas Aircraft Company held a seminar for the affected companies
dunng 1985 in Long Beach, USA, at which ALITALIA was represented by lliree
Captains, the message from both the letter and the seminar was not transmitted to
the ALITALIA operating crews. They, including the affected crew, were unaware of
the possible false indications in question. After the accident, ALITALIA informed
all the pilots about the problem and such failures have been included in the training
and refresher programmes in the Simulator. The US NTSB, who were only made
aware of these false indications by this accident, have reacted in the meantime and
made the necessary recommendations to the FAA.
Both altimeters were of the so-called, "Drum Pointer" type. These older models
have the disadvantage that the altitude can only be read in two steps, because the
main information is shown on the drum, and the refinements by a pointer on the
round scale. A further complication is the fact that in certain pointer positions, the
drum is not possible to read adequately as the numbers on the drum are partially
obscured by the pointer. Despite the white band which appears on the left side of
the "thousands" figures, this can lead to an incorrect interprétation of the
"thousands" value.
The critical part of the flight is the landing phase. Although this is only about 4%
of the whole flight time, 48.3% of accidents occur during the approach. In past
years, there were several accidents which could be traced back to misreading the
altimeters.
Amongst other studies, NASA has published the following which are concerned
with the problem of Altimeter Misreading:
NASA TM-81967 "How a Pilot looks at Altitude".
NASA CR-3306 "Instrument Scanning and Controlling:
Using Eye Movement Data to Understand Pilot Behaviour and Stratégies"
NASA TP-2525 "Analytical Techniques of Pilot Scanning Behaviour and
their Application".
NASA TM-86424 "Effects of Digital Altimetry on Pilot Workload".
NASA TP-1250 "Airline Pilot Scan Patterns during Simulated ILS
Approaches".
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Summarising these studies, we can say the following:
1.

Mis-reading of "Drum Pointer" altimeters occurs often.

2.

Several glances at the altimeter scale are necessary to assimilate ail the
information that is available.

3.

The pilot can recognise the relative needle position (left/right) with a short
glance (0.1 sec).

4.

Reading the drum (thousand indication) requires 0.6 sec. and is more
difficult than reading a needle. As a result, the drum is consulted less
frequently.

5.

During an approach, the altimeter is consulted during about 3-6% of the
time. The NASA studies showed that the pilots surveyed thought that they
had monitored the altimeter during 20-25% of the approach.

From a survey of 169 US National Airlines B-727 pilots (NASA TM-81967):
137 pilots said that they had aiready mis-read an altimeter.
134 pilots had observed another pilot mis-reading an altimeter.
85% of both groups explained that they had made these observations more
than once.
A surprisingly high amount of mis-reading (50) occurred during the approach
phase.
The survey led to the following additional comments from the pilots:
"This altimeter takes more concentration than should be necessary to read
accurately".
'The small drum window is a complication on the instrument and (is) quite
small, often requiring a 'double look' and diverting attention from the
needle. Other instruments require only a single point of visual attention to
comprehend and do not divert, slow or complicate a smoothly flowing
scan".
"Misreads always seemed to occur at the lower altitude when attention is
split between more activities."
"The more stressful situations produced more misreads".
"A quick look after (being distracted) can usually induce a reading of
1000 f t off i f the barrel drum is half way between thousands".
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Much earlier it was noted that the Drum Pointer Altimeter design was problematic
The following Statements support this:
1959 USAF Report Training Research & Development Section "Evaluation of the
Drum Pointer Type MD-1 Altimeter"
"The Drum Pointer Altimeter is not an acceptable instrument. When using
the drum présentation, pilots can be expected to overshoot altitudes due to
non-interception of the 1000 foot incrément".
1959 USAF Flight Test Report, "Re-evaluation of Drum Pointer Altimeter
Display"
"The drum pointer altimeter, in the configuration and the présentation
tested, was found to be inferior to the three pointer altimeter and unacceptable for gênerai Air Force use. It admittedly does away with the 10,000 ft
reading error, especially at low altitudes. The disadvantages ofthe instrument outweigh the advantages by a wide margin".
1963 BeU Helicopter Co., Report "Altimeter Display and Hardware Development
1902-1960, May 1963"
...
"The basic instrument design, coupling the indicator types of drum and
pointer circular scale has been shown empirically to elicit relatively high
percentages of 100 ft and 1000 ft quantitive reading errors".
1969 Flight Safety Foundation, Pilots Safety Exchange Bulletin, 69-103/105
"Misreading of Altimeters", Captain G C McGiloray, Vice President Operations, Middle East Airlines Air-Liban.
"The possibility of over-reading the particular type of altimeter (drum
pointer) by 1000 ft, has been clearly established and it is possible to easily
imagine eircumstances in which such rrüsreading could lead to an accident".
1972 Mitre Corp. "Altimeter Display Study"
"An advisory circular should be issued, suggesting that all aircraft replace 3P
(3 pointer) and DP (drum pointer) altimeters where feasible to enhance flight
safety".
1978 National Airlines, Internal Memo, WP Ledford, May 15, 1978 (7 days after
the Pensacola accident).
"Remove all altimeters (drum pointer) from B-727 fleet and change to
digital read-out type. The digital read-out altimeter is very difficult to
misread below 1000 ft".
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1980 Flight Crew Magazine, Summer 1980, Dr A O Dick, Behavioural Research
Applications Group Inc., "Seeing Without Looking and Looking Without
Seeing"
"If you think such altimeter misreads are uncommon, be forewarned. Some
available évidence suggests misreads are uncomfortably common with this
drum pointer. The current trend indicates another drum pointer related
accident will occur in 1980 or 1981".
It should not be excluded that one or more altimeter reading errors contributed to
the AZ 404 accident. It is plausible that the PIC had read a height below 1000 ft as
a height above 1000 ft. As he was convinced that the Outer Marker height of
1250 ft had only bccn undcrshot by a small amount, he intervened during the
Copilot's "Go Around" order. He prevented the missed approach in the belief, that
with a reduced rate of descent or even a short level flight segment, the nominal
glidepath could be attained within a short time. For technical reasons a GPWS
warning was not possible at this point.
It is not known why:
The aircraft manufacturer did not release any recommendations
The national authorities did not produce any directives (Manufacture and
Registry states)
The Company made no efforts to have the altimeters in question replaced.
2.2.5

During the approach, the crew had their indicating instruments (HSI and ADI)
switched to NAV receiver 1 (RADIO 1). As a result an important safety system was
bypassed and its optical warning was not available. It is doubtful whether the
available switching capacity of the NSU is adéquate for flight safety.

2.3

Flight Séquence
At 1836 hrs flight AZ 404 took off from runway 36R at LIN bound for ZRH.
The climb towards CANNE was normal. Noteworthy is that during the cruise,
although the pilots knew that the actual wind was relatively weak (actual 240/8 kt,
TAF maximum 10 kt), unusually long discussions ensued about circling to runway
28 in ZRH. The most récent ATIS information (Germany) gave Runway 14 as the
actual landing runway. Questioning the COPI about the radio failure procédures
during the descent was unsual. Errors developed during the confirmation of the
CAT U rninimum and the Go Around procédures, and the COPI had the wrong
landing chart in front of him. The instructional tone used by the PIC to the COPI
on many occasions was noteworthy. Although a CAT II approach was to be
conducted, nothing is heard about the procédure.
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Based on the CVR recording, the last 10 minutes of the flight can be shown as
follows:
19.01.30:

The aircraft was abeam (South West) Kloten (KLO VOR) at FL 90.
The PIC drew the COPI's attention to the position with the comment they were rather high. The PIC recommended emphatically that
the COPI should reduce the speed further with the reasoning that
from now on they would only move further away from the airport
and that the aim was to make an economic approach. A litüe later
(19.02.07 hrs) the flight was instrueted by ZRH APP to reduce the
speed further to 210 kt which was accompanied by the PIC's remark
"You see!"

19.04.32:

The PIC defined the outer marker height as being 1200 f t , (correct
would have been 1248 ft QFE) and gave the distance as 3.8 NM
KLO-DME (correct would have been 3.8 NM LLS-DME).

19.06.20:

The crew received the following clearance: "AZ 404 descend to
4000, turn right HDG 110, cleared ILS approach runway 14, QNH
1019." This clearance was read back by the PIC only uncompletely
and the HDG was read back as 120 instead of 110. In addition, the
flight number and the confirmation of the approach clearance were
missing from the readback. The Air Traffic Controller did not
correct the wrong readback of the HDG. The flying pilot turned
according to the clearance onto HDG 110.

Visualisation of Cockpit Indications (Annex 13)
19.06.45:

Figure 1: Starting point RADIO 1
Figure 2: Starting point RADIO 2
Both versions are possible.
Having received the approach clearance and approval to descend to
4000 ft QNH the altimeters were correctly set as follows (see
1.18.5 ALITALIA Company Manual, Altimeter setting): PIC's side
QFE 970 hPa, COPI's side QNH 1019 hPa; Altitude Preselect
1019 mb/4000 f t .
Fig. 1: In the Radio Selector position 1 the relative position to the
localiser (LOC) and glidepath (GP) is shown on all four instruments
(ADI 1 and 2, HSI 1 and 2), supplied by VHF- NAV 1
(108.30 MHz/ILS 14).
Assuming that the fault in the GP receiver aiready existed, the GP
indicator on all four instruments was centred. As the crew were of
the opinion that they were above or at least on the glidepath, the
indication was plausible for them.
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Fig. 2: The Radio Selector was on RADIO 2. All four instruments
showed the position relative to the misleading course 138 on KLOVOR (VHF-NAV 2).
19.07.25:

Fig. 3: The crew selected RADIO APP on the Radio Selector. By
switching to RADIO APP, VHF-NAV 2 internally automatically tuned
the ILS frequency 108.30 MHz of VHF-NAV 1. The selected frequency of 116.40 MHz on VHF-NAV 2 remained visible and available
for DME 2 receiver. Accordingly, DME 2 showed the distance to
KLO-DME. DME 1 showed the value from LLS-DME 14. The signal
from VHF-NAV 1 receiver was displayed on HSI 1. Due to the fault
in the GP receiver 1 a Null (zéro) Signal was sent which led to an
apparcntly correct centred GP indication on HSI 1. ADI 2 takes the
LOC and GP information of HSI 1. HSI 2 received information from
VHF-NAV 2 receiver which was functioning correctly. ADI 1 received
the LOC and GP information of HSI 2. The actual position was way
below the nominal glidepath. Accordingly the pointers in HSI 2 and
ADI 1 were in the Upper Limit position and as designed not in view.
The OFF FLAG was not in view because the GP signal was being
received.

19.07.40:

Fig. 4: In the meantime, the Flight Director Mode Selector was
switched to the position NORM, confirmed by "N-L ARM" in the
Mode Annunciator Panel. Due to the disparity of the GP indications,
the GP Comparator warning light came on. The Copilot (FP) asked:
"Do you have the Glide?". The Captain replied "On 1...". Five seconds
later the Copilot said: " I don't have it". The Captain's comment
"On 1" referred to the indication on HSI 1 which was centred. The
Copilot, with the words " I don't have it" was referring to the
indication on HSI 2.

19.08.00:

Fig. 5: At 19.07.59 hrs the PIC decided: "Good, let's do it on 1",
whereby the COPI ordered "RADIO 1".
On switching to RADIO 1, all four instruments switched to VHFNAV 1. The crew had a centred GP indication on all four instruments.
This présentation corresponded with the pilots' idea of their position
and altitude. At this point the altitude was still about 4600 ft QNH.
On approaching the LOC the autopilot NAV Selector was turned to
LLS. As designed, the autopilot captured the GP ("GP-CAP" in view
on the AP Mode Annunciator). This event is documented by the
change in Rate of Descent from about 1150 ft/min. to about
700 ft/min.
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19.08.47:

Fig. 6: The aircraft was slightly East of the LOC at about 4000 f t
QNH where, although both Flight Directors and the Autopilot were
following the LOC and GP. In the case of the GP it was the Null
Signal from VHF-NAV 1 receiver. Here the aircraft was aiready
1200 f t below the nominal glidepath and still 12 NM from touchdown. This finding is supported because at 19.08.47 hrs the PIC
confirmed "... capture LOC capture Glide path capture, so we are on
the beam a little off track but

19.08.53:

Fig. 7: Descent through 4000 ft is confirmed by the COPI "970 for
me too", as he also set his altimeter to 970 hPa QFE.

19.08.57:

Fig. 8: The aircraft passed 3700 f t as the Altitude Exit Waining
sounded. This was aimed to the selected altitude of 4000 ft QNH
on the Altitude Preselect System.

19.09.43:

Fig. 9: Convinced that he was established on the ILS, the PIC said
at 19.09.09 hrs: " I cancel and set 5000", referring to Altitude
Preselect System. At this point the Landing Gear was probably
extended, as during setting of the Flaps to 25 (19.09.41 hrs) no
Gear Warning Horn was heard. At 19.09.18 hrs the PIC urged the
COPI to reduce the speed further as he feared they were closing too
near to the preceding aircraft. At 19.09.47 hrs the PIC stated "The
outer marker check is at 1250 f t (QFE)". The altitude was now
1600 f t QFE and the distance from touchdown about 9 NM. As
before, the aircraft was about 1200 f t below the the nominal
GP.

19.10.12:

Fig. 10: At 8 NM IKL, the altitude on the GP should have been
4000 ft/QNH or 2598 ft/QFE. As the PIC remarked "3.8 almost
4 miles", the actual height was 1100 ft/QFE (outer marker height
1248 ft/QFE). These distance figures referred to the ILS-DME
distance to the Outer Marker. At 19.10.27 hrs the COPI asked
whether they had aiready passed the Outer Marker. At 19.10.39 hrs
he repeated this question once again. The PIC responded "No, no, it
hasn't changed y e t I t is not clear what this answer meant.

19.10.43:

Fig 11: The PIC remarked that the ILS-DME showed 7 NM and
possibly began an analysis of the position. His thoughts were interrupted by the order from ZRH APP to change to ZRH TWR on
frequency 118,10 MHz. The instruction to change frequency with an
indication of the relative position to the preflying airplane and the
clearance that there were no more speed restrictions did not give the
crew any reason to analyse their position. At 19.10.56 hrs the
Captain's uncertainty was heard "That doesn't make sense to me
the COPI responded "... nor to me
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19.10.59:

Fig. 12: At 19.10.57 hrs the PIC calied out "Pull, pull, pull, pull"
upon which disconnection of the Autopilot is heard. The PIC, due to
misreading the altimeter, was obviously of the opinion that they
were still at 1300 ft/QFE. Possibly the PIC wanted the COPI to fly
the aircraft level until they reached the Outer Marker. The COPI
probably interpreted the altimeter correctly and read a height of
300 ft/QFE. This caused him to commence a missed approach with
the order "Go Around" (position about 6 NM from touchdown).

19.11.17:

Fig 13: At 19.10.59 hrs, the beginning of the Go Around manoeuvre
is clearly recognisable. Immediately (19.11.00 hrs) after the COPI's
"Go Around" order the PIC intervened as follows: "No, no, no, no
... catch glide". Italian expression "fattiti" (phonctic).

2.3.1

Crew

2.3.1.1

Human Relationship in the Cockpit
The human relationship situation in the cockpit can only be judged on the basis of
the CVR. Unfortunately due to the open speakers and possibly to a worn out tape,
the quality o f this tape recording-is very bad. The psyehological interprétation of the sound leveis in respect of the feelings and
atmosphère is particulariy difficult. It can certainly be stated that during the entire
flight the conversation restricted itself to operational matters. The PIC thus
showed his expérience based superiority.

2.3.1.2

Use of the ALITALIA Procédures and Déviations from Trained Procédures
From the évidence, there is no strict adhérence to the ALITALIA procédures. Had
the crew stuck to the procédures, the void between the PIC and the COPI, i.e. the
coordination and coopération, would probably have been covered at least in the
critical phases. Extracts from the ALITALIA Company Manual (04.20.4/4):
Approach briefing
Initial Approach Altitude
MS A (briefing)
Standard Operative Call-Outs "LOC alive", "Glide alive" (04.20. 7/2)
Conditions requiring a missed approach (04.20. 8/2).
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2.3.1.3

Airmanship (Professional Compétence.)
a)

Crew
In gênerai, it appears that during the flight the PIC's behaviour was professional during routine opérations. The impression does not apply when
abnormal conditions appeared. In switching the Radio selector to RADIO 1,
the crew did not proceed to an analysis of the cause of the (supposed) falsè
indication, or even to make a subséquent crosscheck. It appears to have
aeted on a predetermined opinion (expected indication regarding the GP). The
COPI continued the descent below the outer marker altitude although this
had not been passed.

b)

Crew as team
The team work in the critical phases was incomplète.

2-3.1.4

Navigation Monitoring during Radar Vectorinp;
Flight AZ 404 received clearance from APP to descend to 4000 ft/QNH with a
subséquent ILS approach, AZ 404 was only given a distance to the preflying
airplane, but it was never given a distance to the touchdown of RWY 14. Similariy
the CVR contains no conversations between the pilots conceming vérification of
position, until the point (ca. 40 seconds before impact) when the pilots compared
the indicated DME distance (7 NM) with the Outer Marker distance of 3.8 NM
which led to uncertainty. It appears that from the beginning of the approach, the
crew had exclusively followed the instructions of the APP Controller The ILS
localiser intercept, reaching 4000 ft/QNH and the false GP indication (NAV 1)
occurnng simultaneously could have led the crew to believe that this was a result
of an optimum radar vectoring. In addition, the "assumed" establishing on the ILS
required no further navigational analysis. Had the crew verified the DME distance
on leaving the Initial Approach Altitude of 4000 ft, then they would have notiëed
the discrepancy between the actual position at 14 NMs and the correct distance for
this (Approach Fix) of 8 NM. Neither before nor during the approach did the crew
carry out a timely systematic check of the indications of both NAV equipments.
Additionally had these indications been compared with other available aids it would
also have occurred to them that the GP indication on NAV 1 could be wrong.
Factors from the predominantly dynamic environment could have led to inadéquate
monitoring of the navigation. The CVR shows that as several aircraft were on
approach, there was intensive ATC radio traffic (APP) with the correspondingly
high concentration and attention required of the pilots. In addition, the PIC's
concern that the aircraft was closing on the preceding one too rapidly, thus risking
a Go Around, further limited capacity.
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2.3.1.5

Go-Around
The Flight Operation Rules of ALITALIA (04.20.8/2) contain amongst others, the
instruction that during an IMC instrument approach a Go-Around shall be flown if
there is any doubt about the functioning of available navigation aids.
About 40 seconds before the impact, the COPI asked whether the outer marker had
been overflown, the PIC said that it had not. Irnmediately afterwards, the PIC
noted that the distance was 7 NM ILS-DME. The résultant uncertainty is audible on
the CVR. Even if one had misread the altimeter by 1000 f t too high this would
still have sugge6ted a Go-Around. The COPI as flying pilot executed one which was
not accepted by the PIC. Even the Radio Altimeter warning which sounded ten
seconds later caused no reaction.
Two independent studies have shown that had a Go-Around been continued, the
Stadlerberg would have been cleared albeit very close (Annex 14).
General expérience shows that a considérable résistance to Go-Arounds exists
_ amongst pilots. The main reasons for this are the subséquent need for filling in
reports, the time loss as well as the unpleasant duty to inform the passengers and
cabin crew. A Go-Around is seen as a failure, as lack of professional compétence
and even loss of prestige. Before the critical situation, the PIC had aiready
mentioned a possible Go-Around due to the proximity of the preceding aircraft and
wanted to avoid this. His pointed self-confident manner towards the COPI, in
addition to an internal résistance, did not make it easier for him to accept a GoAround. He was apparently not aware of the danger of the situation.
According to ALITALIA their crews do not have to justify such situations.

2.3.1.6

Headsets and Microphones
The quality of the CVR recording is bad. It required a great deal of work to
understand the cockpit conversations recorded from the area microphone. The
reasons for this bad compréhension is due on the one hand to the inferior technical
quality of the recording equipment but in particular it is due to the fact that the
pilots, even during the approach, did not make use of the headsets (with attached
microphone) for communications with the approach Controller as is usual. The
conversations between the pilots are therefore partly obscured by external radio
traffic.
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2.3.1.7

Médical Aspects
There are no indications of any médical causes for the accident based on previous
médical history, as far as it is available, personal contacts, the flight progress the
CVR and the findings of the Post Mortem.
Various leveis of Ethyl Alcohol concentration between 0.02 0/00 and 0.38 0/00 were
found in the Copilot'stissue.Such différences do not occur with samples taken
soon after death, and are attributable to changes in the alcohol content after death
The samples were heavily infested with 12 types of bacteria. 11 of these types
produce ethylalcohol and 1 reduces it in very small amounts. The effects of intense
heat can also vaporise alcohol.
Even on the basis of toxicological analysis, it can not definitely be excluded that
the pilot consumed alcohol before death. The effects of an alcohol level of 0 3 0/00
on the capabilities is given différent values by various authors: it is certainly not
very great. Based on the observations of personal contacts and from the Cockpit
Voice Recorder there is no évidence to support that the Copilot was in an
inebriated state. Generally it is probable that this is related to alcohol produced
after death.

24

Air Traffic Control

2.4.1

The radio-electronic approach aids - ILS 14 - were, according to the automatic
monitoring Systems, functioning normally. This fact was confirmed by subséquent
calibration test flights. Test flights checked the LOC, GP, DME and the marker
transmitters. The approach and runway lighting was switched on and operating
normally. The communications and radar equipment was also working correctly.

2.4.2

The necessary Air Traffic Control work-stations were occupied according to the
duty roster. The Air Traffic Control management have determined that the level of
approach traffic prevailing at the time of the accident was normally so high.

2.4.3

On the beginning of the approach AZ 404 was on radar vectoring on FL 60. In this
phase the ATC-Controller is responsible for terrain clearance according the
prescriptions.
At 19.05.20 hrs the Approach Controller instrueted flight AZ 404 to descend to
4000 ft, turn right onto heading 110 and he gave clearance for an approach on the
ILS for runwayl4 using a QNH of 1019 hPa. This clearance guaranteed terrain
clearance until the final approach point (FAP).
As the heading changed to about 150, the ATCO assumed that the AZ 404 had
taken up his own navigation and was establishing on the LOC. According to the
procédures, the radar vectoring is compieted after the "Established" call This call
should be requested by the ATCO and in this case was omitted. The crew did not
call on their own initiative.
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Under the eircumstances, the call established would probably have been made because
the crew were under the illusion that they were fully established.
According to the published approach procédure, the aircraft should have left the
cleared 4000 ft only when on the ILS, and at a distance of 8 NM ILS-DME. In
fact the aircraft descended below the cleared altitude on intereepting the LOC at a
distance of about 11.5 NM, flying parallel beneath the GP with a roughly constant
rate of descent until the accident site.
Although the altitude transmitted by the aircraft transponder was clearly visible on
the Approach Controller's radar screen, he did not pay attention to it, and did not
notice that the aircraft had aiready left its cleared altitude before the Final
Approach Toint (8 NM). According to the standing instructions until this point the
ATCO must check the adhérence to cleared altitudes and in the event of an
undershoot he must intervene. He omitted this check as he was of the opinion that
his monitoring function was finished, because the aircraft was on the LOC at the
instrueted speed and he assumed that aircraft was also established. This assumption
can be explained because during the whole duty time of an ATCO many aircraft are
observed on the LOC beam on the radar screen compared with very rare cases of
aircraft being below the cleared altitudes and the glidepath. The failure to call
established by the pilots happens from time to time and was generally tolerated by
ATC. The constant flow of traffic which in Zürich is occasionally quite dense did
not seem to allow a time consuming questioning. In this situation it is expected
that an aircraft observed on the LOC will also follow the prescribed approach
profile.
Finally it must be noted that the Approach Controller never gave flight AZ 404
position or distance information relative to runway 14. He merely gave a distance
to the preceding aircraft.
2.4.4

During the investigation it was noted that the instructions contained in the Manual
of ATC volume 1, although conforming with the international Standards of ICAO,
were presented in a way that does not allow a good overview, and it is sometimes
not precisely formulated and thus can lead to varying interprétations. In particular
the transition from radar vectoring to pilot interpreted approaches is not precisely
formulated. The terrain collision avoidance is not part of the ATC responsibility
except during radar vectoring.
It may also be noted here that the SWISSCONTROL instructions exceed those of
ICAO in the area of radar monitoring.

2.4.5

In summary it can be stated that the clearances and instructions of ATC contained
no incorrect Statements. However as a result of omissions by not following the
Standing instructions the disastrous séquence was not interrupted by ATC.
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A timely warning from the Approach Controller and the appropriate action by the
crew might possibly have prevented the accident. Particulariy with the uncertainty
prevailing in the cockpit at the time just before the accident, a warning would have
been taken seriously and would have led the crew to a check and make a comparison
of the various instruments - above ail the altimeters.
A "Minimum Safe Altitude Warning System" on the APP radar, as has been used for
the last ten years in the USA, would have automatically made the task of noticing a
altitude undershoot possible independent of the traffic density.
From the numerous safety nets in air transport, also the one of the ATC did not
prevent the accident.
CONCLUSIONS
Findings
The aircraft fuselage and engines were in order and working normally during
the flight. The weight and centre of gravity were within limits.
The NAV receiver No 1 which was in use during the approach (Type King
KNR 6030) was apparently not delivering an output signal. Ail 4 NAV
indications gave an "On Glide" indication without a wanting flag appearing.
The possibility of such a failure on the NAV equipment in use has been
known since 1984.
ALITALIA was informed by the aircraft manufacturer about the possibility
of these failure possibilities in the years 1984 and 1985. They were
unknown to the crew of AZ 404.
The altimeters used in the aircraft were of the so calied "Drum Pointer"
type. On these, the danger of misreading is particulariy great
The crew of AZ 404 were in possession of the necessary licences.
The pilots were in good health. The minimal level of alcohol found in the
Copilotes body can most probably be attributed to post mortal micro-biological processes at the accident site.
The COPI was the flying pilot.
Before intercepting the ILS 14, the crew switched to RADIO 1 - (NAV
No 1).
The Final Approach Point ILS 14 is situated 8 NM from the
(ILS-DME) at 4000 ft/QNH.
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On intercepting the LOC at 11.5 NM the aircraft descended below the
cleared altitude of 4000 ft/QNH.
The aircraft followed the LOC 14 precisely but descended constantly about
1300 ft below the GP until the accident site.
The crew allowed the aircraft to descend below the outer marker height of
1248 ft before passing the outer marker
During the entire approach, there was no GPWS warning in the cockpit.
The Approach Controller was in possession of the necessary licences.
The approach control work station is equipped with secondary radar
including height and ground speed readout.
The Approach Controller did not give the crew of AZ 404 any position or
distance information relative to runway 14.
The Approach Controller never noticed the altitude undershoot of the
aircraft.
Weather in the accident area: Wind SW/5 - 10, Visibility ~8 km, light rain,
Cloud covered - base at différent heights, locally at 1800 - 2000 ft AMGL.
Weather on Zürich airport (ATIS 1850): Landing RWY 14, Take off
RWY 28, Met report Zürich 1850, 240 degrees 4 kt, Final RWY 14 and 16
250 degrees 7 kt, Lift Off RWY 16 240 degrees 4 kt, visibility 10 km,
Mist, 2/8 1500 f t , 5/8 3000 f t , 7/8 4000 ft, température 9, dew point 8,
QNH 1019, NOSIG, Transition Level 50, Zurich Information ECHO.
According to other pilots, the approach and runway lighting could be seen
during the approach on the ILS.
On the accident profile, the runway can be seen until 7 NM ILS-DME then it
is obscured by the Stadlerberg - at night, a "black hole" effect.
The Stadlerberg is not equipped with obstacle lighting.
Runway 14 is not equipped with précision approach lighting (PAPI).
The APP did not ask for a report, that the airplane was established. The
crew of AZ 404 did not report "established" on ILS.
The Go-Around commenced shortly before the accident by the COPI was
immediately stopped by the PIC.
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The pilots cockpit work did not comply throughout with ALITALIA's
operational procédures.
The SWISSCONTROL instructions relating to the transition phase between
radar vectoring and pilot interpreted approaches are not précise ahd leave
room for interprétation. They correspond mainly to the ICAO instructions.
Causes
The accident was caused by:
False indication of VHF NAV unit No 1 in the aircraft.
Probable altimeter misreading by the PIC.
No GPWS warning in the cockpit.
Pilots not aware of the possibility of incorrect indications in the NAV equipment in
use (without flag-alarm).
Inadéquate failure analysis by the pilots.
Non-compliance by the pilots with basic procédural instructions during the
approach.
Unsuitable coopération between the pilots during the approach.
COPI's initiated go-around procédure aborted by the PIC.
The Approach Controller not observing the leaving of the cleared altitude of
4000 ft QNH before the FAP.
RIXX)MMFM)ATIONS

1.

NAV equipment which does not have monitoring of the Output signal should no
more be used.

2.

The Drum Pointer altimeter as fitted to the accident aircraft should not be used
with immédiate effect.

3.

The GPWS should operate also in case of a NAV-failure.

4.

It should be evaluated whether it should be allowed that all navigation instruments
can be switched onto one receiver as a normal procédure.

5.

The flight procédures of an air transport Company should ensure that a Go-Around
once started can not be stopped.
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6.

The air transport Company flight procédures have to define the so calied simulated
CAT I I and CAT HT procédures and to ensure that the same procédures are used as
are used for approaches when the weather conditions are CAT II or CAT III.

7.

It should be evaluated whether by issuing a personal set of Route Manuals to each
pilot, a better préparation could be made.

8.

The approach charts in the Route Manual should show the horizontal terrain profile
below the glide path.

9.

The duties of the Approach Traffic Control should be expanded to include the task
of warning in the event of an altitude undershoot of the Minimum Safe Altitudes.
In this respect, a warning system similar to that used in the USA (minimum safe
warning System) which gives an automatic optical and acoustic waming when an
aircraft undershoots an altitude should be added to the ATC equipment.

10.

The instructions in ICAO document 4444 should be reformulated so that in the
area of transition between radar vectoring and pilot interpreted approaches there is
no possibility for misinterpretation.

11.

The instructions in the SWISSCONTROL manual of ATC volume 1-should be
reformulated so that in the area of transition between radar vectoring and pilot
interpreted approaches there is no possibility for misinterpretation.

12.

The national and international operating instructions for ATC should be adapted to
modem technology much faster.

13.

The installation of an area microphone recording system for the Air Traffic
Controller stations (similar to the aircraft CVR area mike) should be evaluated.

14.

Obstacle lighting should be installed on the Stadlerberg.

15.

ILS RWYs should be fitted with optical approach aids (PAPI).

Berne, 27th January 1993

Aircraft Accidents Inquiry Board

H. Angst
President
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