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FOREWORD
THE AIRPLANE ACCIDENT INVESTIGATION BUREAU OF ETHIOPIA

TheEthiopian Airplane Accident Investigation Bureau (EAIB) is the investigation authority in Ethiopia
responsible to the Ministry of Transport and Logistics for the investigation of civil Airplane accidents and
serious incidents in Ethiopia.

The mission of the EAIB is to promote aviation safety through the conduct of independent, separate
investigations without prejudice to any judicial or administrative action consistent with Annex 13 to the
Convention on International Civil Aviation.

The EAIB conducts the investigations in accordance with the proclamation No 957/2016 and Annex 13 to the
Convention on International Civil Aviation Organization, which governs how member States of the
International Civil Aviation Organization (ICAO) conduct Airplane accident investigations internationally.

The investigation process involves the gathering, recording and analysis of all available information on the
accidents and incidents; determination of the causes and/or contributing factors; identification of safety
issues; issuance of safety recommendations to address these safety issues; and completion of the investigation
report. In carrying out the investigations, the EAIB will adhere to ICAO’s stated objective, which is as follows:

“The sole objective of the investigation of an accident or incident shall be the prevention of accidents and
incidents; it is not the purpose of this activity to apportion blame or liability”.

iii
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I.ORGANISATION OF THE INVESTIGATION

On 10t March 2019 at around 05:47UTC, the FDRE Ministry of Transport& Logistics and EAIB were informed
the loss of radio and radar contact with flight ET 302 a few minutes after take-off from Addis Ababa Bole
International Airport.

After having established without doubt that the Airplane had disappeared, the Ethiopian Authorities launched
a technical investigation team. In accordance with Article 26 of the Convention and ICAO Annex 13 “Airplane
Accident and Incident Investigation”, an Investigation Committee (IC) from Ethiopian EAIB investigators was
formed by a ministerial decree issued by the Minister of Transport& Logistics in order to conduct the
investigation. An investigator-in-charge (IIC) was designated in the same decree to lead and initiate the
investigation immediately. As per Annex 13 provisions, in the investigation participated:

ECAA and Ethiopian Airlines Group - Technical Advisors to EAIB

NTSB - Accredited Representative State of Design and Manufacturer

BEA - Accredited representative, State which provided facilities & experts for the read out of DFDR & CVR and
EASA- Accredited representative during the preliminary report only

As per the Ethiopian Government decision and agreement between the EAIB and the French Bureau
d’Enquétes et d’ Analyses pour la sécurité de I'aviation civile (BEA), the DFDR and CVR were read at the BEA
facilities at Le Bourget, near Paris, France. Both recorders were transported directly to the BEA under the
custody of the State of Occurrence accompanied by members from the EAIB and readings were performed by
BEA personnel in association with and under the direct supervision of the IIC. At the request of Ethiopia and as
per Annex 13 Article 5.23, BEA has appointed an accredited representative and assisted EAIB for the analysis
of FDR data.

For this investigation, working groups were initially built up as follows:

e Operations

e Maintenance & Airworthiness

e Power plant

e DFDR and CVR
Later on the group merged into operations, systems and DFDR- CVR groups until thisinvestigationreport
prepared.
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A Search & Rescue (SAR) team performed search by Ethiopian Air force, Ethiopian Airlines Group and
Abyssinian flight service. Search operations were conducted in full coordination with Federal, Regional police
and other Government bodies.

II. ACRONYMS

AC Advisory Circular

ACO Airplane Certification Office
ADIRS Air Data Inertial Reference System
ADIRU Air Data Inertial Reference Unit
ADM Air Data Module

AD Airworthiness Directive

ADR Air Data Reference/Air Data System
ADC Air Data Computer

ADS Air Data System

AFCS Automatic Flight Control System
AFDS Autopilot Flight Director System
AGB Accessory Gear Box

AGL Above Ground Level

AFM Airplane Flight manual.

EAIB Accident Investigation Bureau
Alpha vane Angle of Attack Vane

AMM Airplane Maintenance Manual
AML Airplane Maintenance Log
ARM Armed

AND Airplane Nose Down

ANU Airplane Nose Up

AOAS Angle Of Attack Sensor
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AOC Air Operator Certificate

A/P Auto Pilot

APU Auxiliary Power Unit

ARINC Aeronautical Radio Incorporated

A/T Auto-Throttle

ATC Air Traffic Control

ATPL Airline Transport Pilot Licence

BASOO Boeing Aviation Safety Oversight Office

BEA Bureau d’Enquéteset d’Analyses pour la sécurité de I'aviation civile

BOV Bias Out of View

CAS Computed or calibrated Air Speed

CG Center of Gravity

CGD Crew General Description

CGO Cargo

CLB Climb

CMD Command - Auto pilot may engage in command (CMD) or in Control Wheel
Steering (CWS)

CPL Commercial Pilot Licence

CPN Certification Project Notification

CRM Crew Resource Management

CSMU Crash Survivable Memory Unit

CVR Cockpit Voice Recorder

Cws Control Wheel Steering

DFDAU Digital Flight Data Acquisition Unit

DFDR Digital Flight Data Recorder

DFCS Digital Flight Control System

DME Distance Measuring Equipment

DPC Display Processing Computer
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DSCO Deligation Systems Certification Office
DU Display Unit

EAIB Ethiopian Accident Investigation Bureau
EASA European Aviation Safety Agency

ECAA Ethiopian Civil Aviation Authority

ECAB Engineering Cab (Flight Simulator)
ECARAS Ethiopian Civil Aviation Rules and Standards
ECO Engine Certification Office

EDFCS Enhanced Digital Flight Control System
EEC Electronic Engine Control

EFS Elevator Feel Shift

EFIS Electronic Flight Instrument System
EGPWS Enhanced Ground Proximity Warning System
EGT Exhaust Gas Temperature

EIS Entry into Service

EWIS Electrical Wiring Interconnection System
FAA Federal Aviation Administration

FAR Federal Aviation Regulation

FCC Flight Control Computer

FCOM Flight Crew Operating Manual

FCTM Flight Crew Training Manual

F/D Flight Director

FCTR Flight Control Test Rig

F/0 First Officer

FOM Flight Operation Manual

FDAU Flight Data Acquisition Unit

FDR Flight Data Recorder
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FL Flight Level

FMA Flight Mode Annunciator

FMC Flight Management Computer
FTA Fault Tree Analysis

FW Failure Warning

GA Go Around

GE General Electric

GPS Global Positioning System

GPWS Ground Proximity Warning System
GVI General Visual Inspection

HAAB Addis Ababa Bole

HDG Heading

HPC High Pressure Compressor

HPT High Pressure Turbine

HUD Head Up Display

IAS Indicated Airspeed

IC Investigation committee

ICAO International Civil Aviation Organization
IFSO In-flight Security Officer

IIC Investigator In Charge

IR Instrument Rating

IRS Inertial Reference System

ISFD Integrated Standby Flight Display
ILS Instrument Landing System
KCAS Knots Calibrated Airspeed

Kt Knots

LBS Pound
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LGT Light

LGW Landing Weight

LMC Last Minute Change

LPC Low Pressure Compressor

LE Leading Edge

LH/RH Left Hand, Right Hand

LNAV Lateral Navigation (A/P or F/D mode)
LPT Low pressure Turbine

MAC Mean Aerodynamic Chord

MCAS Maneuvering Characteristics Augmentation System
MCO Military Certification Office

MCP Mode Control Panel

MCP Master Certification Plan

MEL Minimum Equipment List

MLB Maintenance Log Book

MMO Mach number - Maximum Operating value
MRO Maintenance Repair & Overhaul

MPL Multi crew Pilot Licence

MSA Minimum Safe Altitude

N/A Not Applicable

NDT Non Destructive Testing

NCD No Computed Data

NM Nautical Miles

NOTAM Notice to Air Men

NTSB National Transportation Safety Board
OMB Operational Manual Bulletien

oM Operation Manual
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ODA Organization Designation Authorization

PC Personal Computer

PCU Power Control Unit

PF Pilot Flying

PFD Primary Flight Display

PLI Pitch Limit Indicator

PNL Programme Notification Letter

QNH Altimeter sub-scale setting to obtain elevation when on the ground

QRH Quick Reference Handbook

RA Radio Altitude

RH Right Hand

RUDOL Navigation Waypoint near Lake Turkana, on the Ethiopia/Kenya border
(formerly Lake “Ruduolf”)

RWY Runway

SAE Safran A/C Engine

SAR Search and Rescue

SAT Static Air Temperature

SHALA Lake “Shala”

SMYD Stall Management and Yaw Damper

SMS Safety Management System

SPD Speed

SRM Safety Risk Management

STAB Trim Stablizer Trim

SSEC Static Source Error Correction

SSA System Safety Analysis

SSM Status Sign Matrix

STS Speed Trim. System

SWS Stall Warning System
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TAS True Air Speed

TAF Terminal Aerodrome Forecast

TAT Total Air Temperature

TC Type Certifiate

TCDS Type Certificate Data Sheet

TE Trailing Edge

TEM Threat and Error Mmanagement
THR HLD Throttle Hold (A/T mode)

TGB Transfer Gear Box

TO Take Off

TOGA Take Off / Go Around

TRA Throttle Resolver Angle

TWY Taxi Way

UPRT Upset Prevention and Recovery Training
UTC Coordinated Universal Time

VHF Very High Frequency

VFR Visual Flight Rule

VMO Velocity - Maximum Operating value
VNAV Vertical Navigation (A/P or F/D mode)
VOR VHF Omnidirectional Range

VS Vertical Speed

YD Yaw Damper
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[1I. SYNOPSIS

The Accident was notified by the operator/ATC to the Accident Investigation Bureau the same day right after
the accident occurred.

TABLE1: SYNOPSIS

Airplane Boeing 737-MAX8 registered ET-AV]

Date and time 10 March 2019 at 05:44 UTC

Operator Ethiopian Airlines Group

Place of the Accident 28 NM South East of Addis Ababa, Bole International Airport

Type of flight Scheduled passengers flight ET-302
Addis Ababa (Ethiopia) - Jomo Kenyatta (Kenya)

Persons on board Captain; First-Officer; 5 Cabin Crew; 1 In Flight Security Officer (IFSO);
149 passengers from different countries with different nationalities

Consequences and damage | 157 fatalities; Airplane destroyed

I[V.EXECUTIVE SUMMARY

On March 10, 2019, at 05:38 UTC, Ethiopian Airlines flight 302, Boeing 737-8(MAX), ET-AV], took off from
Addis Ababa Bole International Airport bound to Nairobi, Kenya Jomo Kenyatta International Airport.

ET302 was being operated under the provisions of the Ethiopian Civil Aviation Regulations (ECARAS) as a
scheduled international flight between Addis Ababa Bole International Airport (HAAB), Ethiopia and Jomo
Kenyatta Int. (HKJK) Nairobi, Kenya. It departed Addis Ababa with 157 persons on board: 2 flight crew (a
Captain and a First Officer), 5 cabin crew and one IFSO, 149 regular passengers.

At 05:36:12 the Airplane lined up on runway 07R at field elevation of 7,656 ft with flap setting of 5 degrees
and a stabilizer trim setting of 5.6 units!l. Both flight directors (F/D) were ON with LNAV and VNAV modes
armed. At 05:37:17the F/O reported to Tower ready for takeoff andat 05:37:36ATC issued take off clearance
to ET-302 and advised to contact radar on 119.7MHz.

The takeoff roll and lift-off was normal, including normal values of left and right angle-of-attack (AOA). During
takeoff roll, the engines stabilized at about 94% N1. Shortly after liftoff, the left Angle of Attack sensor
recorded value became erroneous and the left stick shaker activated and remained active until near the end of
the recording. In addition, the airspeed and altitude values from the left air data system began deviating from
the corresponding right side values. The left and right recorded AOA values began deviating. Left AOA
decreased to 11.1° then increased to 35.7° while the right AOA indicated 14.94°. Then after, the left AOA

Stabilizer trim setting of 5.6 units.
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valuereached 74.5° in 34 seconds while the right AOA reached a Maximum value of 15.3° the difference
between LH and RH AOA was59°and near the end of the recording it was 49°.

At 05:39:30, the radar controller identified ET-302 and advised to climb FL 340 and when able to turn right
direct to RUDOL. At 5:39:51, the selected heading increased from 072° to 197°.

After the flaps were fully retractedthelstautomatic nose-down trim activated and engaged for 9
secondspositioning the stabilizer trim to 2.1 units. The pilot flying pulled to pitch up the Airplane with a force
more than 90lbs. He then applied electric trim-up inputs. Five seconds after the end of these inputs a second
automatic nose-down trim activated.

At 5:40:22, the second automatic nose-down trim activated. Following nose-down trim activationGPWS DON'T
SINK sounded for 3 seconds and “PULL UP” also displayed on PFD for 3 seconds.At 05:40:43, approximately
five seconds after the end of the crew manual electrical trim up inputs, a third automatic trim nose-down was
recorded but with no associated movement of the stabilizer.

At 05:40:50, the captain told the F/0:“advise we would like to maintain one four thousand. We have a flight
control problem”. The F/0 complied and the request was approved by ATC. Following the approval of the ATC,
the new target altitude of 14,000ft was set on the MCP.The Captain was unable to maintain the flight path and
requested to return back to the departure airport.At 05:43:21, approximately five seconds after the last
mainelectric trim up input, an automatic nose-down trimactivated for about 5s. The stabilizer moved from 2.3
to 1 unit. The rate of climb decreased followed by a descentin 3s after the automatic trim activation.

One second before the end of the automatic trim activation, the average force applied by the crew decreased
from 100 lbs to 78 lbs in 3.5 seconds. In these 3.5 seconds, the pitch angle dropped from 0.5° nose up to -7.8°
nose down and the descent rate increased from -100 ft/min to more than -5,000 ft/min.

Following the last automatic trim activation and despite calculated column force of up to 110lbs, the pitch
continued decreasing. The descent rate and the airspeed continued increasing between the triggering of the
4th qutomatic trim activation and the last recorded parameter value. At the end of the flight, Computed
airspeed values reached 500Kt, Pitch values were greater than 40° nose down and descent rate values were
greater than 33,000 ft/min. Finally, both recorders stopped recording at around 05 h 43 min 44s.

At 05:44 The Airplane impacted terrain 28 NM South East of Addis Ababa near Ejere(located 8.8770 N,
39.2516 E.) villageat a farm field and created a crater approximately 10 meters deep (last Airplane part found)
with a hole of about 28 meters width and 40 meters length. Most of the wreckage was found buried in the
ground; small fragments of the Airplane were found scattered around the site in an area by about 200 meters
width and 300 meters long. The damages to the Airplane were consistent with a high energy impact. All157
persons on board: 2 flight crew (a Captain and a First Officer), 5 cabin crew and one IFSO, 149 regular
passengers were fatally injured.
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1. FACTUAL INFORMATION

1.1 HISTORY OF THE FLIGHT

On March 10, 2019, at about 05:44 UTC?, Ethiopian Airlines flight ET-302, a Boeing 737-MAX8, Ethiopian
registration ET-AV], crashed shortly after takeoff from Addis Ababa Bole International Airport (HAAB),
South East of Addis Ababa near Ejere Town. The flight was a regular scheduled international passenger
flight from Addis Ababa to Jomo Kenyatta International Airport (HKJK), Nairobi, Kenya. There were 149
passengers and 8 crews on board. All were fatally injured, and the Airplane was destroyed.

The following chronological history of flight was reproduced from verified data retrieved from the Airplane
DFDR, CVR, Air Traffic Control (ATC) radar recordings and transcripts. According to the CVR data and the
control column forces recorded in the DFDR, the captain was the pilot flying.

Phasel:From takeoff to Autopilot engagement (from 5h 36 min 12 s until 5h 39 min 23 s)

At 5:36:12 the Airplane lined up on runway 07R at field elevation of 7,656ft with a flap setting of 5 degrees
and a stabilizer trim setting of 5.6 units>.Both flight directors (F/D) were ON with LNAV and VNAV modes
armed. Auto throttle (A/T) was armed.

At 05:37:17the F/O reported to Tower ready for takeoff. ATC advised the crew to stand by. The F/O
confirmed standing by.

At 05:37:36, ATC issued take off clearance to ET-302 and told the crew to contact radar on 119.7 MHz when
airborne. Following the take-off clearance, the crew advanced the throttle and checked the stability of the
engines parameters.

At 05:37:51, take-off roll began from runway 07R

At 5:37:53, the crew engaged the automatic takeoff and climb sequence (F/D TO mode and A/T TO
sequence) by pushing the TOGA switch and the A/T moved the throttle forward.

The takeoff roll and lift-off was normal, including normal values of left and right angle-of-attack (AOA).
During takeoff roll, the engines stabilized at about 94% N1. From this point for most of the flight, the N1
Reference remained about 94%.

®All times listed is Universal Coordinated Time (UTC), as recorded on the FDR.

3The value of 5.6 units was a consistent setting for the takeoff. The stabilizer positions ranges from 0 unit nose down to 17 unit nose up. A
value of 4 units corresponds to a neutral position.
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At 05:38:14the F/O called 80Kt.
At 05:38:32 Automatic V1 call
Once Vr was reached, at 05:38:34the F/O called “rotate” and the Airplane liftoff

At 05:38:43 “positive rate” confirmed, at about 50ft radio altitude, the flight director roll mode changed to
LNAV.

At 05:38:44, shortly after liftoff, the left and right recorded AOA values began deviating. Left AOA decreased
to 11.1° then increased to 35.7° while value of right AOA indicated 14.94° (point “A” in Figure 1). Then
after, the left AOA value reached 74.5° in 34 seconds while the right AOA reached a Maximum value of 15.3°,
the difference between the left and the right AOA values decreased from 59° to approximately 49° near the
end of the recording, prior to the final dynamic behavior that was exhibited.

- As a result of the erroneous left AOA value, the left stick shaker activated and the red and black stripe
band exceeded the displayed LH airspeed. The left stick shaker remained active until near the end of the
recording.

- Right and left altitude and airspeed indications started diverging (the computations of LH values were
affected by erroneous LH AOA values). From that time:

- LH displayed altitude values became lower than the actual pressure altitude values displayed on the RH
side.

- LH displayed airspeed values became lower than the actual airspeed values displayed on the RH side.

- The left pitch bar and the left Pitch Limit Indicator (PLI) rapidly moved downward (left pitch bar to -10°,
the PLI to around 0°)*.

- The captain reduced the Pitch from 15° to around 7-8°.

At 5:38:48, the “MASTER CAUTION” and “ANTI-ICE” lights on the glare shield [lluminated. The F/O called out
“Master caution/anti ice”. It was acknowledged by the Captain.

*A note in the QRH -Non Normal Manoeuvres “Approach to Stall or Stall Recovery” requests not to use the flight director commands during
the stall recovery.
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At 05:38:51:

- The Pitch F/D bars disappeared (“Bias Out of View” - BOV) on both RH and LH Primary Flight Displays
(PFD), as the threshold for the comparator between LH and RH F/D pitch display below 400ft RA was
reached.

- On the LH PFD, invalid operational speeds, corrupted by the erroneous left AOA value, were displayed
(LH stick shaker speed and LH minimum operation speed being greater than the LH computed
airspeed).The current LH airspeed was inside the barber pole of the speed tape (black and red stripes
underlying a dangerously too low speed or dangerously too high speed).

At 05:38:56, the captain stated “command” to engage the