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safety recommendations. The Report was drawn up on the basis of information available on the
date of its completion.

The investigation may be reopened if new information becomes available or new investigation
techniques are applied, which may affect the wording related to the causes, circumstances and
safety recommendations contained in the Report.

Investigation into air the occurrence was carried out in accordance with the applicable international,
European Union and domestic legal provisions for prevention purposes only. The investigation was
carried out without application of the legal evidential procedure, applicable for proceedings of other
authorities required to take action in connection with an air occurrence.

The Commission does not apportion blame or liability.

In accordance with Article 5 paragraph 6 of the Regulation (EU) No 996/2010 of the European
Parliament and of the Council on the investigation and prevention of accidents and incidents in civil
aviation [é] and RAAviatiorlaw, thd \Bodingused in this Report may not be
considered as an indication of the guilty or responsible for the occurrence. For the above reasons,
any use of this Report for any purpose other than air accidents and incidents prevention can lead
to wrong conclusions and interpretations

This Report was drawn up in the Polish language. Other language versions may be drawn up for
information purposes only.

WARSAW 2022
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Abbreviations

ACTL
AFT-LMT
AON
ARC
ARST
ATPL(A)
BEW
CAA
CCTV
CD

CG
CofR
CSN
CVR

CY
DOW

EH
EPWA
FDR

FH

FO
FWD-LMT
GS
HEAD

HEAD

Actual

Aft Limit

Handling Agent

Airworthiness Review Certificate
Aircraft Radio Station License
Airline Transport Pilot License (Airplane)
Basic Empty Weight

Civil Aviation Authority

Closed Circuit Television
Calendar Day

Center of Gravity

Certificate of Registration
Cycles Since New

Cockpit Voice Recorder

Cycle

Dry Operating Weight

Engine Hour

Warsaw Chopin Airport T ICAO Location Indicator
Flight Data Recorder

Flight Hour

First Officer

Forward Limit

Ground Speed

Heading

Flight with Head of State status
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ICAO International Civil Aviation Organization
IDLE The lowest speed setting on a running engine (on the ground or in flight)
lc Investigator-in-Charge

IOL Aerodrome manual

kt knot

LMT Local Mean Time

LVTO Low Visibility Take-Off

LW Landing Weight

MAC Mean Aerodynamic Chord

MLW Maximum Landing Mass/Weight
MTOW Maximum Take-off Weight (Mass)
MTW Maximum Taxi Weight (Mass)

MZFW Maximum Zero Fuel Weight (Mass)
N/A Not applicable

NTSB National Transportation Safety Board
P/N Part Number

PIC Pilot-in-Command

QAR Quick Access Recorder

QONH Barometric pressure at nautical height
RPM Revolutions per minute

RVR Runway Visual Range

SAC Standard Airworthiness Certificate
\IEESC\/I/L State Commission on Aircraft Accidents Investigation
TAC Total Aircraft Cycles

TAH Total Aircraft Hour

TF Trip Fuel

TOF Take-Off Fuel
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TOMAC

TOW

TSN

TWR

TWY

ULC

UNDLD

uTC

VIP

ZFMAC

ZFW

Take-Off MAC

Take-off Weight (Mass)

Time Since New

Aerodrome control tower

Taxiway

Civil Aviation Authority of the Republic of Poland
Remaining underload

Universal Time Coordinated

Very Important Person

Zero Fuel MAC

Zero Fuel Weight (Mass)
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General Information

Occurrence reference number:

2019/436

Type of occurrence:

SERIOUS INCIDENT

Date of occurrence:

15 February, 2019

Place of occurrence:

EPWA

Type and model of aircraft:

BOEING 777-258

Aircraft registration marks:

4X-ECC

Aircraft user/operator:

EL AL ISRAEL AIRLINES LTD.

Aircraft Commander:

ATPL(A)

Number of victims/injuries:

Fatal Serious Minor None

0 0 0 105

Domestic and international
authorities informed about the
occurrence:

- ULC, ICAO, EASA, European Commission

- NTSB, Chief Investigator Aviation Incidents &
Accidents Investigation Ministry of Transport
State of Israel

Investigator-in-charge:

Andrzej Bartosiewicz

Investigating authority:

State Commission of Aircraft Accidents Investigation
(PKBWL)

Accredited Representatives
and their advisers:

Not appointed

Document containing results:

FINAL REPORT

Safety recommendations:

NONE

Addressees of the
recommendations:

Not applicable

Date of completion of the
investigation:

23 August, 2022
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Synopsis

On 14 February, 2019, a HEAD status flight of the Boeing 777-258 (with 4X-ECC
registration marks) was planned on the Warsaw (EPWA) i Tel Aviv (LLBG) route. The
plane was scheduled to take off at 23 hrs LMT?. The final preparation of the aircraft for
the flight took place on the BRAWO apron located on the military part of the EPWA
airport.

The crew arrived on scheduled time. Prior to boarding, the Captain agreed with the
headset operator that the aircraft engines would be started during the pushback-towing
operation. The route of the plane's push-back and towing was agreed among the
headset operator, the towing tractor operator and the military coordinator of ground
movement.

The passengers arrived with a delay and at around 23:55, they began boarding.

During push-back, the crew started up the right engine. After several dozen seconds,
the push-back was completed and the towing started.

The SCHOPF F210 towing tractor and universal J-TOWversal-A towbar were used for
push-back and towing.

During the towing, prior to the right turn beginning, the right engine start-up was
complete i the engine has reached the IDLE RPM. After a few seconds, during the
right turn, the crew commenced the start-up process of the left engine. Moments later,
in the mid phase of the turn, the left pin of the towbar was sheared off. In the end phase
of the turn, the left engine start up process was completed i the engine reached the
IDLE RPM. When both engines were on IDLE, the plane began to push the tractor and
the tractor-plane combination increased the speed to 3 kt. A few seconds later the
towbar folded, its right shear pin and retaining bolt were sheared off, which was
followed by a collision of the plane with the tractor.

No person was injured as a result of the incident. The aircraft, tractor and towbar were
damaged.

The investigation was conducted by the PKBWL Investigation Team in the following
composition:

Andrzej Bartosiewicz  Investigator-in-Charge;
Krzysztof | Team Member;
Krzysztof | Team Member;

Bogusgaw T1 Team Member.

1 All times throughout the Report are in LMT, unless otherwise indicated. On the day of the occurrence
LMT=UTC+1h
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Cause of the occurrence:

The direct cause of the serious incident was lack of reaction to the shearing of
the towbar pin and the continuation of the aircraft towing.

Contributing factors:

1) Start-up of both engines during pushback-towing operation.

2) Setting of the towbar pins not compatible with the type of aircraft which was
pushed-back and towed.

3) Fatigue of the ground handling staff caused by extended hours of work at night
in adverse weather conditions.

4) Stress of ground handling staff due to servicing the HEAD status flight and
procedures imposed by the operator.

PKBWL has not proposed safety recommendations after the investigation.
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1. FACTUAL INFORMATION

1.1. History of the flight

On 14 February 2019, at 23:00 hrs, the Boeing 777-258 flight with 4X-ECC registration
marks on the EPWA T LLBG route was scheduled. It was a HEAD status flight.

Final preparation of the plane for the flight was carried out in front of the VIP terminal
on the military apron of EPWA aerodrome (Fig. 1).

The crew arrived at the apron at the scheduled time (around 20:30 hrs) and performed
standard pre-flight procedures. Before boarding the aircraft, the Captain agreed with
the headset operator that both engines would be started during the pushback-towing
operation.

Passengers for the flight arrived late and at 22:55 began boarding.

Before the start of the push-back, the headset operator, the tractor operator and the
military ground movement coordinator agreed that the plane would be pushed back,
and then towed with a right turn and lined up facing the entrance of the TWY Z3 of
EPWA aerodrome.

2019/02/15 01:0400

Fig. 1. Boeing B777-258, accident aircraft before push-back [source: CCTV camera of VIP
terminal on EPWA aerodrome] 2. Note: The date and time in the lower right corner are in the LMT.

The push-back of the aircraft began as planned. After moving several dozen metres
straight, the crew commenced the right engine start up process.

The sequence of push-back and towing as well as the time of the occurrence are
shown below on the individual frames from the CCTV camera recording (Fig. 1).

2 Unless otherwise indicated i [source: PKBWL]
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Fig. 1. Boeing B777-258, accident aircraft, during push-back and towing: AT push-back initiation; B T
right engine start-up initiation; C 1 end of push-back; D T towing initiation; E7 end of right engine start-
up; F1 left engine start-up initiation; G i shearing the left pin of the towbar; Hi end of left engine start-
up; | T tractor being pushed by the aircraft; J i collision (aircraft and tractor stopped)

After push-back and stopping the tractor-aircraft combination, the operator of the
tractor started towing the aircraft at the speed of GS=1 kt.

In the initial phase of towing (before the right turn), the right engine start-up process
was completed and its RPM reached N1=18.5%. Further towing was continued along
a small radius arc with a 96A turn to the

FINAL REPORT, BOEING 777-258, 15 FEBRUARY, 2019, EPWA 10z 35
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When the tractor turned right, and the plane was still moving straight, the flight crew
commenced the start-up process of the left engine. About 2-3 seconds later, the left
(external in relation to the turn direction) towbar pin was sheared off.

At the end of the turn, the RPM of the left engine reached N1=18.5%. Eight seconds
later, the tractor-aircraft combination accelerated to GS=2 kt, and after next 2 s it
slowed down to the initial speed of GS=1 kt. A moment later the towing tractor operator
started a right turn towards TWY Z3 of EPWA aerodrome, but the aircraft continued to
move straight, accelerating to 3 kt. At this point, the towbar folded and its right shear
pin and retaining bolt were sheared off, which caused that the aircraft-tractor
connection lost its stiffness, and the separation of the aircraft from the tractor was no
longer possible. The plane began to overtake the tractor, as a result the tractor got
under its fuselage and, as a consequence a collision occurred. At this point, the towing
operation was aborted.

The towing tractor operator's cabin was raised during the towing operation, which
resulted in damage to the lower nose part of the fuselage.

The proper tractor, towing bar and appropriate shear pins in the towbar were used for
towing, however, the setting of the pins was inconsistent with the requirements
indicated in the towbar operating manual relative to the type of the aircraft.

As a result of the occurrence, the plane was damaged and required a repair which
prevented the planned flight. In addition, the towbar, towing tractor and the surface of
the apron were also damaged.

1.2. Injuries to persons

Injuries Crew Passengers Others Total
Fatal 0 0 0 0
Serious 0 0 0 0
Minor 0 0 0 0
None 2/11 90 2 105

1.3. Damage to aircraft

The damage to the accident aircraft was limited to the two zones marked in the figure
below.

FINAL REPORT, BOEING 777-258, 15 FEBRUARY, 2019, EPWA 11z 35
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Fig. 2. Damage areas of the accident aircraft marked as red boxes.

The accident aircraft sustained the following damage (see the photos illustrating the
damage in the Album of lllustrations):

- numerous dents and multiple tears in the skin of the fuselage that were a result
of the collision with elements of t
pressurization of the fuselage in the baggage compartment area;

- numerous scratches on the lower part of the fuselage skin that were a result of

collision with element;s of the towing

- abrasions on the rim edges of the front landing gear that were caused by its
contact with the towing tractor;

- multiple abrasions of the tire of the right front landing gear wheel caused by its
contact with the towing tractor.

The aircraft was damaged to a degree that required a repair.

Fig. 3. B777-258, accident aircraft during repair at EPWA aerodrome i damage view

FINAL REPORT, BOEING 777-258, 15 FEBRUARY, 2019, EPWA 12z 35
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1.4. Other damage
1.4.1. Towbar damage

J-TOWversal-A towbar, serial number: J1001619 sustained the damage described
below (see the Album of lllustrations for detailed photos of the damage):

9. . e -\--\—- lq. '

*

Fig. 4. J-TOWversal-A towbar: A1 damaged towing eye, B 1 damaged towhead

1) Breakage of the welds of the fitting connecting the towing eye with the tractor,
which resulted in the separation of the fitting from the towbar. The fitting
remained connected with the tractor after the occurrence.

2) The flanged fastening of the drawbar ferrule on the tractor side was locally
deformed in three places.

3) The fastening of the towhead from the side of the aircraft was damaged by:

- multi-plane brittle fracture of the retaining bolt of the towhead mounting;
- multi-plane, brittle fracture of both shear pins of the towhead mounting;

- partial deformation and tearing out of parts of the upper and lower sleeves
fixing the position of the retaining bolt and pins in the towhead mounting
ferrule;

- one-sided deformation of the central part of the towhead mounting ferrule
(an element distancing the upper and lower metal sheets of the ferrule);

- plastic deformation (bending) of the upper and lower metal sheet of the
towing drawbar towhead mounting ferrule;

- local deformations of the metal sheet surface of the towhead mounting
ferrule caused by fragmented pins and sleeves fixing the position of the pins
in the ferrule.

4) The J-TOWversal-A towhead was damaged as described below:

- deformation of the bushings seats fixing the position of the retaining bolt and
shear pins in the towhead,;

- destruction of the rubber sleeve fixing the position of the retaining bolt in the
towhead;

FINAL REPORT, BOEING 777-258, 15 FEBRUARY, 2019, EPWA 13z 35



STATE COMMISSION ON AIRCRAFT ACCIDENTS INVESTIGATION (PKBWL)

- shearing off the two of four screws fixing the towhead in relative to the
landing gear strut.

5) The collision of the aircraft and towing tractor damaged the coating of the towbar
and caused slight scratches.

The sheared off fragments of the left pin of the towbar were found on the apron. The
location is shown below (Fig. 5).

Fig. 5. EPWA aerodrome apron i the arrows show the fragments of the left shear pin (relative to the
direction of the tractor-aircraft combination movement)

1.4.2. Towing tractor damage

The J-SCHOPF F210 towing tractor (serial numer:1223) involved in the occurrence,
sustained the damage described below (see the Album of lllustrations for detailed
photos of the damage):

- radio antenna mounted on the roof T bent but working properly after
straightening its mounting;

- two bolts torn out of the tractor roof i one of the pins got stuck in the damaged
skin of the aircraft fuselage, while the other was found on the apron after the
occurrence;

- slight, plastic deformation of the edges of the tractor front fittings used for
mounting the towbar;

- abrasion of the right corner of the towing tractor front bumper;

- dentin the area of the right front part of the towing tractor operator cabin;
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- minor paint abrasions on the right side of the towing tractor (side, rear right
wheel arch), caused by the contact of the towing tractor with a broken towbar
and the front landing gear of the accident aircraft.

Rys. 6. J-SCHOPF F210 towing tractor: AT coupling damage, B i roof damage

1.5. Personnel information (crew data)

1.5.1. Captain
Pilot i male, aged 58
Holder of ATPL(A)
Ratings i MEP(L) i B-757/767, B-737-300-900, B-777-200
Aero-medical certificate 7 valid until: 11 August 2019
Simulator training T 24 August 2018
Language proficiency i English, ICAO level 6

Flight time as captain on types:

- B 7571 588 h;
- B 7371 813 h;
- B7771 799 h.

1.5.2. First officer
Pilot i male, aged 51
Holder of ATPL(A)
Ratings i MEP(L) i B-767, B-777-200
Aero-medical certificate T valid until: 27 July 2019
Simulator training i 22 October 2018
Language proficiency i English, ICAO level 6

Flight time on types:
- B 76771 1216 h;
- B 7771 98 h.
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1.6. Aircraft information

1.6.1. General information

Aircraft:

aircraft class i airplane;

subcategory i large transport airplane?;

construction i wide-fuselage low-wing metal composite airplane;

manufacturer i The Boeing Company;

manuf actur er G SBOHNGS/T762584B777200ER);

serial number i 30833;

aircraft owner i EL-AL Israel Airlines Ltd.;

aircraft operator i EL-AL Israel Airlines Ltd.;

engine type 1 turbofan;

number, manufacturer, engine type and model i 2 x Rolls-Royce RB211 Trent,
895-174 model;

landing gear i three-cycle, retractable, with dual-wheel on the nose landing gear
strut and six-wheel truck son the main landing gear struts.

Certificate of Registration (CofR) 1 valid on the day of occurrence:

registration marks i 4X-ECC;
issue date 7 11 April 2001.

Standard Airworthiness Certificate (SAC) 1 valid on the day of occurrence:

issue date T 11 April 2018;
valid until i 10 April 2019.

Aircraft Radio Station License (ARSL) i valid on the day of occurrence:

issue date i 3 December 2018;
valid until i 1 December 2020.

Aircraft dimensions:

length T 63,7 m;
wingspan i 60,9 m;
height T 18,4 m;

wing area i 427,8 m?.

Aircraft mass:

MTW 298 463 kg;
MTOW 297 556 kg;
MLW 213 188 kg;
MZFW 200 487 kg.

SThe wor | do s-engireraippleret dual
4 The most powerful version of the Trent 800 engine family.
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Fig. 7. Boeing 777-200ER, 4X-ECC, accident aircraft [source: Wikimedia.org]

1.6.2. Service life data®

AIRFRAME 1 Boeing 777-258

Year of Manufacture: 2001

TAH: 72 785
TAC: 8 490

Date of the last periodic check: 01.10.2018

ENGINE 1 (LEFT) i Trent 895-17

Date of installation on airframe: 24.12.2017
Serial number: 51 281
TSN: 58 779
CSN: 6 898

SILNIK 2 (PRAWY) i Trent 895-17

Date of installation on airframe: 02.03.2017
Serial number: 51521
TSN: 33742
CSN: 3830

1.6.3. Mass and balance of aircraft

According to the final loading and balance sheet of the aircraft, the mass and balance
data were as follows:

- ZFW 1 157 482 kg;

5 Data from 1 August, 2018.
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- MZFW i 199 580 kg;
- TOFi 32 300 kg;

- TFi 18 981 kg;

- TOW i 189 782 kg;

- MTOW i 285 499 Kg;
- LW 170 801 kg;

- MLW i 213 188 kg;

- UNDLD 7 42 098 kg;
- BEW i 140 175 kg;

- DOW i 146 859 kg;

FWD-LMT ACTL AFT-LMT
TOMAC 8,19 19,3 30,15
ZFMAC 7,98 16,7 29,11

The mass and balance of the aircraft were within the prescribed limits.

1.7. Meteorological information

Weather conditions, according to the METAR for EPWA on 15 February, 2019 at 00:00
hrs, were as follows:

EPWA 150000Z 00000KT 6000 BKN018 05/05 Q1033 TEMPO 4000 BR BKN012
- date: 15.02.2019 r.;
- hour: 00:00;
- wind direction: windless;
- wind speed: windless;
- visibility: 6 000 m;
- cloud amount: from 5/8 to 7/8, cloud base: 1 800 ft AGL;
- temperature: 5 UC;
- dew point temperature: 5 UC;
- pressure: QNH 1033 hPa,;
- TREND forecast: within an hour visibility decreased to 4,000m in fog, cloud
amount i broken, cloud base lower to 1,200 ft AGL.

1.8. Aids to navigation

Not applicable

1.9. Communications

The crew maintained standard radio communication with EPWA TWR in English.
Communication in both directions was readable.

The crew communicated by wire with the operation coordinator. Neither side reported
any communication issues. Commands were given in English. Because CVR records
have been overwritten, PKBWL did not have access to the communication recording.
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1.10. Aerodrome information

Warsaw Chopin Airport is approved and prepared to handle all aircraft up to the
reference code 4E. The airport management allows the operations of aircraft with
a higher code letter (B-748, A-380, C-5B Galaxy, An-124) in accordance with the
procedure described in the Airport Operations Manual (AOM). Permitted air traffic: IFR
/ VER, possible operations according to ILS categories I, Il and Ill and LVTO at RVR
not less than 125 m. Allowed take-offs from intermediate distances, in accordance with
the published distances declared in AIP Poland and AOM.

There are restrictions on air operations at Warsaw Chopin Airport. From 21:00 hrs to
05:00 hrs UTC air operations are allowed only by noise-certified aircraft in accordance
with chapters 3, 4, 5 and 10 of Annex 16, Volume |. Restrictions in the abovementioned
hours do not apply to state aviation, emergency landings and humanitarian flights.
Apron management service 1 provided by the airport operator. Aerodrome category
for fire protection i ICAO CAT 9.

Military unit implements the requirements specified in the Airport Operations Manual.

The apron in front of the VIP terminal on the military part of EPWA aerodrome does
not have taxi/towing lines marked.
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Fig. 8. Ground movement map of the Warsaw Chopin Airport i the red circle indicates the location of
the occurrence place [source: AIP Poland]
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