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Accident History (1) RVIS

| Tupolev Tu154M
B Departure: Moscow-Domodedowo, 18:48 hrs
B Destination: Barcelona

_| Boeing B757-200
B Departure: Bergamo, 21:06 hrs
B Destination: Brussels

| 21:21:50 hrs: B757 enters Controlarea Zurich
/ m Flight Level 260 (26.000 ft)

B Clearance to climb to FL320
m 21:26:36 hrs: Request to climb to FL360 granted
m 21:29:50 hrs: FL 360 reached
21:30:11 hrs: Tu154 enters Controlarea Zurich
m Flight Level 360
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Accident History (2)

_121:34:42 hrs: TCAS TA generated
_121:34:49 hrs: ACC Zurich to Tu154:

B “descend flight level 350, expedite,
| have crossing traffic”

_121:34:56 hrs: Tu154 descends
_121:34:56 hrs: TCAS RA generated

m B757: “descend, descend”
B Tul154: “climb, climb’

1:34:58
1:34:59
1:35:10
1:35:24

I\)I\)I\)I\)

21:35:32 hrs:

I'S.

I'S.
NI'S.

NI'S.

B757 descends
Discussion with Tu154 crew

B757 TCAS RA: “increase descend”
Tu154 TCAS RA: “increase climb”

Collision near Uberlingen
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Verteilte Systeme
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WBA Analysis RIVIS

Verteilte Systeme

¥ Winter Term 2004/2005

_I Analysis done by group of 8,
B 7 beginners in regard of WBA

! Time needed for analysis:
m 15 sessions, each 1.5 hrs (180 hrs)
B Additional work during course (about 25 hrs)

B Substantiation of List-of-Facts (about 35 hrs)
m Total: about 240 hrs
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Analysis Proceeding

_J Study of investigation report
_} Beginning to compose List-of-Facts
B Questions on sequence of events arrise
B Some events given with absolute time
B Some events given with relative time
B Sequence of events not always chronological
| Composition of the timetable
/ Extension of List-of-Facts
|dentification of causal relationships (\WWB-Graph)

Error detection
B Application of
B counterfactual test
B completeness test
B Formulation of substantiated List-of-Facts
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Why-Because Graph RIVLS

_J Statistic: e
m total of 94 knots
B 28 source factors
B 66 internal factors

_I Main actors:
B Tu154M (ca. 16 factors)

/ m B757 (ca. 14 factors)
/ B Controller (ca. 11 factors)

B Technical (ca. 17 factors)
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Why-Because Graph RIVLS

Verteilte Systeme

_ Areas of Responsibility:
B TCAS
Hm Devices
H Design
B ACC Zurich
m Controller
B Organisation
/ B Devices
m Air Crews
m B757
m Tul154M
B Flight Paths

m B/57
m Tul154M

1 A1r Crews
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RIVIS

Rechnernetze und
Verteilte Systeme

The Collision
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Interesting Points (1) RIVIS

Verteilte Systeme

_| Controllers' radio message,
warning of conflicting traffic but
with wrong heading

S~ \
(19 (22) B757 meldet Ide(nlt(i)t]‘lziemn es
Ausweijgfmanoever TCAS RA erst e
Konfliktverkehr:

~h si 73 |
/ der Tgfdurch sinken 23sek nach RA 1oest Kot ikt aichs
(16) B757 realisiert (15)
(31) Nur ein nicht, dass sie der 2

33) PIC fi l " hlie
(.z‘u inpé(i:ntk(ﬁ ser;:’f Funkkanal fuer Kontliktverkehr sind K(::Si:ﬁ :E:)er;:];:i‘c[:;n
S Tul54 und B757 aut den sich der

Funkspruch bezieht L,

/

e , |
T~ (24) Fluglotse: (23) Tul54 /2513?5' T

36) " . N
(38) Ausbil o (36) . zuegig aut FL350 Senrifiziert otz
PIC BTC Entsc.heldunglstludung sinken, /
des PIC

Konfliktverkehr Konfliktverkehr Konﬂlkt\erk A_ —= £ e
Whe" visuell auf r visuell auf 2+ (B i

AN

Jorn Stuphorn — Bieleschweig VI 23 September 2005



Interesting Points (2) RIVIS

Verteilte Systeme

radio message

l

— /Z(uze;’]:'ﬁ;}f‘:w (23) Tuls+ (25) BI57
ung sinken idgllrihziat identifiziert W
Kon ﬂikrve;kehr Konfliktverkehr Konfliktverkehr
Whe" visuell auf LOUhr visuell auf 2Uhr

(41) Fluglotse muss
Statfelung
wiederherstellen

/

(44) Autfgabe des 42)
Fluglotsen Fehlinterpretation
Statfelung zu des Radarbildes
gewaehrleisten durch Fluglotsen

\ (43) Flugzeuge
unterschreiten
Stattelung

(49) Lotse erkennt
kreuzende
Flugstrecken zu

(55) 21:35:00
akustisches
STCA-Signal wurde

57) Funkspruec

von AeroLloyd
L135 an ACC nicht im

Zuerich Kontrollraum

? R wahrgenommen /
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(56) Starke
Belastung des
Fluglotsen

(53) keine optische
Warnung durch
Arbeitsgeraet




“Waist” in

Interesting Points (3)

Graph
m Width =3

[

(44) Autgabe des
Fluglotsen
Statfelung zu
gewaehrleisten

T (43) Flugzeuge

unterschreiten
Statfelung

[

(49) Lotse erkennt
kreuzende
Flugstrecken zu
spaet

(57) Funksprueche
von AeroLloyd
LL35 an ACC
Zuerich

N

N
“2)

Fehlinterpretation
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Warnung durch

Arbeitsgeraet

(55) 21:35:00
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nicht im
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Interesting Points (4)

I Influence of TCAS on the

Accident

(L1) TCAS Design
sieht keine
Reversal RA in
vorliegender
Flugsituation vor

(8)

Konfliktaufloesung
durch TCAS
fehlgeschlagen

(12) Tul54 steuvert
entgegen der TCAS

RA

(18) Vermeidung
unnoetiger RAs

(30) Radarsystem

stellt Transponder S
Informationen nicht
dar

(32) TCAS Tuld4

climb

(34) TCAS B757:
descend

3
Ausk

(37) TCAS erkennt
Kollisionsionsgefahr
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Interesting Points (5) RIVIS

Verteilte Systeme

_l Rearrangement of Sectors

B only part of events in ACC are
caused by this!

S
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(94
Sektorisierungsarbeiten
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- - RV
InterEStlng POlntS (6) 52?:;:?;;2;%
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Causes identified by BFU RIVIS

Verteilte Systeme

1 2 Immediate Causes

B Seperation infringement not noted in time
B Tu154 followed ATC instruction instead of TCAS advisory

_ 3 Systematic Causes
Insufficient integration of ACAS/TCAS Il into the system

_ aviation
/ B Management of ACC did not ensure that during night

open workstations were staffed by controllers

Management tolerated that only one controller worked during
times of low traffic

19 Safety Recommendations
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Immediate Cause 1 RVS

Verteilte Systeme
_I Immediate Cause:

B ATC didn't note separation infringement
in time. Instruction to Tu154M was
given at time, when separation
couldn't be ensured anymore

[
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Immediate Cause 1 - Comments A&

VrtIt Sytm

_ The first systemic cause is very interesting as it states,

B that the ACAS/TCAS Il system was not only
insufficiently integrated in the system aviation but

B that it did not correspond in all points with the system
philosophy

m ICAO regulations were not standardised and partially
Incomplete

/ These findings are present in the WBG

m (30) identifies that the ATCs' radar system does not
represent the TCAS informations

m (11) identifies that design had prevented a possible
Reversal RA

B The regulations are included in (35), (36) and (38).
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Immediate Cause 2 RVS

Verteilte Systeme
_I Immediate Cause:

B The Tu154M crew followed the ATC
Instruction to descend and continued
to do so even after TCAS advised
them to climb

T

i
1.1.1.1.1.2.1
4 (29) B757 befolgt
/ TCAS RA
LI1.1.12.1.1 1.1.1.1.1.2.1.2
(34) TCAS B757: (35) TCAS
descend Ausbildung DHL
[ Y
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Immediate Cause 1 - Comments Ak

VrtIt Sytm

_l The second and third systematic cause concerning the
Management of ACC Zurich concern only the number of
controllers present in the controlroom.

B These correspond with (81) respectively (80).

_| It is Interesting that concerning the causes BFU does not

identify the execution of the rearrangement of the sectors
/ at ACC Zurich to be a direct cause to the accident.

Individual mistakes of the Controller that could possibly
result out of deficiency in training or information are not
listed under the direct causes.
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Systematic Cause 1

_| Systematic Cause:

\

B ACAS/TCAS Il not sufficiently
integrated into the system aviation

RIVIS

Rechnernetze und
Verteilte Systeme
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*
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Systematic Cause 2

_| Systematic Cause:
B Regulations concerning ACAS/TCAS

published by ICAO were
B not standardised,

B incomplete,
m partially contratictory

|
T \ LLLL12.1

RIVIS

Rechnernetze und
Verteilte Systeme
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Systematic Cause 3 RVS

_| Systematic Cause:
B Management of air navigation service
did not ensure that by night all open

workstations were staffed by

controllers
/ AN I
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ot o Arbeitsplatzes in Hilfskraft zur
SR IEr e Bezug aul Funk Verfuegung
LL1.1.1.1.1.1.3.1.1.1.2.2.1.2
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1.1.1.1.1.1.1.3.1.1.1,.2.2.1.2.2

PALLLLESLLL22 L, Ty 3 r22.0h1|  (88) gewoehnlich
(86) gaengige (87) geringes
Pra)éls n iCC Nachtbesetzung Verkehrsaufkommen
UETic wachrend Nacht
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- RV S
SYStematlc Ca use 4 I\?,eithr_ilt:rnsetziund

_| Systematic Cause:

B Management of air navigation service

tolerated that during times of low
traffic flow only one controller

worked
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RIVIS

Verteilte Systeme

Comments on Causes
_I All causes identified by BFU are important in the WBG

I The first immediate cause was essential for this accident
m It represents one of the strands in the waist of the
graph.
_! The second immediate cause could also be identified
m Causally, the fact of the B757 following the TCAS

/ advisory is equally important but left out of the BFU
finding.

Not identified as causes:
B [nfluences of the TCAS implementation

B Insufficient knowledge of ATC on telephone systems
and available staff

B Execution of restructuring at ACC Zurich
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Safety Recommendations - Comments RIVIS

Verteilte Systeme

_| Recommendations apply to more fields than Causes
_I Main fields are
B Procedures
m following of TCAS advisory should be obligatory
H Training
B ACAS system philosophy for pilots
B Emergency procedures for controllers

/ B Organisational
/ B Documents concerning ACAS should be clarified and

Identical in their statement

B ACC Zurich should be manned with minimum 2
controllers

B Technical

B TCAS RAs should be relayed to ATC

B Telephone systems at ACC should automatically use
bypass system in case of failure
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Safety Recommendations - Comments RIVIS

_§ The recommendations focus mostly on the following of the
TCAS RA
B Currently, a TCAS RA is an advisory, not an order
B Making it mandatory shifts the responsibility from the crew
to the TCAS manufacturer

_I Both, the folloing and the not following of the TCAS RA

were causes
/ B Had the Tu154M followed the TCAS RA the collision would
not have happened

B Had the B757 not followed the TCAS RA the collision
would not have happened

The TCAS implementation itself was a cause

B Had the TCAS system formulated a ,reversal® the

collision might have been averted
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