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MCP
MCP
MDS
MEL
MFD
MLA
MMEL
MMO
MOM
MP
MSU
NCD

NDB
NG

NNC
NSRDI
NTSB

OAT
ocCcC
OCD
ODA
ODR

OEM
oJT

OM
OMB
OMF
OSMS

OVRD
PAI

PF
PFD
PIC
PLI
PM
P/N
PNL

Mode Control Panel

Master Certification Plan

MAX Display System

Minimum Equipment List
Multi-Function Display
Maneuver Load Alleviation
Master Minimum Kuipment List
Maximum Mach Operating Speed
Multi Operator Messages
Maintenance Program

Mode Select Unit

No Computed Data

Non-Directional Beacon
Next Generation

Non-Normal Checklists
Non-Safday Related Deferred Item

National Transportation Safety Board of the United
States of America

Outside Air Temperature

Operation Control Center

Operation Control Department
Organization Designation Authorization
Other Differences Requirements

Original EquipmenhManufacturer
Onrthejob training

Operation Manual

Operation Manual Bulletin
Onboard Maintenance Function
Omni Safety Management System

Override
Principle Airworthiness Inspector

Pilot Flying

Primary Flight Display
Pilot in Command

Pitch Limit Indicator

Pilot Monitoring

Part Number

Program Notification Letter

XV



POB
POI

PPC
PRI
PSEU
PSSA
QAR
QC
QCM
QRH
RA
REL/ABS
RON
ROV
RSM
RVSM
scT
Scu

SDS
SHOR

SIC
SID
SB

SL
SLA
SMS
SMSM
SMYD

S/IN
SOP

SPD
SRB
SRM

SS
SS

SSA
SSEC
SSM

Person on Board
Principle Operationrispector

Pilot Proficiency Check

Primary

Proximity Sensing Electronic Unit
Preliminary System Safety Assessment
Quick Access Recorder

Quality Control

Quality Control Manual

Quick Reference Handbook

Radio Altitude

Relative/Absolute

Remain Over Night

Remotely Operated Vehicle

Repair Station Manual

Reduced Vertical Separation Minima
Scattered

Spoiler Control Unit

System Descriptin Section
Safety Hazard and Occurrence Report

Second in Command

Standard Instrument Departure
Service Bulletin

Service Letter

Service Level Agreement

Safety Management System

Safety Management System Manual
Stall Management Yaw Damper

Serial Number
Standard Operating Procedures

Speed
Safety Review Board
Safety Risk Management

Safety and Securitpepartment
Stick Shaker

Safety System Assessment
Static Source Error Correction
System Schematic Manual
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SSQ
STM
STS
SWPM

SWS
TAB

TAT
TBMU
TC

TCAS
TCCA

TCDS
TE
THR
THR HLD
TOIGA
TSIB
TSN
UuLB
ULD
UTC
UwMm
uws
VA
VMO
Vr
VSS
WDM

Safety, Security and Quality
Stabilizer Trim Motor

Speed Trim System

Standard Wiring Practices Manual

Stall Warning System
Technical Advisory Board

Total Air Temperature
Tire Brake Monitoring Unit
Type Certification

Traffic Alert and Collision Avoidance System
Transport Canada Certification Authority

Type Certification Data Sheet

Terminal East

Thrust

Throttle Hold

Takeoff/Go Around

Transport Safety Investigation Bureau of Singapore
Tianjin

Underwater Locator Beacon

Under water Locating Device

Universal Time Coordinated

Upper West Madra

Upper West Semarang

State of Virginia of the United States of America
Maximum Operating Speed

Rotation Speed

VaneSlingerShaft Assembly

Wiring Diagram Manual
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SYNOPSIS

On 29 October 2018, at about 06Bacal Time (23:32 UTC 28 October 2018), a PT Lion
Mentari Airlines (Lion Air) Boeing 738 (MAX) aircraft registered PHK.QP, was being
operated as a scheduled passenger flight from Soekiatta International Airport (WIII),
Jakarta with intended destination @&pati Amir Airport (WIPK), Pangkal Pinangvhen the
aircraft disappeared from radar after informing Air Traffic Controller (ATCo) that they had
flight control, altitude and airspeed issues. Tdiecraft impacted the water in Tanjung
Karawang, West Javall personon boardoerishedand theaircraftdestroyed

On 26 October 2018, th8PD (speed) and ALT(altimeter) flag on theCapt ai nés pr
flight display first occurred on the flight from Tianjin, China to Manado, Indonesia.
Following reoccurrence dheseproblems the left angle of attack (AO®sensor was replaced

in Denpasar on 28 October 2018.

Theinstalledleft AOA sensothada21° bias which wasndetected during the installation test

in Denpasar. The erroneous AOA resulted in different indieatiduring the flight from
Denpasar to Jakarta, including IAS (indicated airspeed) DISAGREE, ALT (altitude)
DISAGREE, FEEL DIFF PRESS (feel differential pressure) light, activations of Maneuvering
Characteristics Augmentation System (MCAS) and left cordotlimn stick shaker which
were active throughout the flight. THeght crew was able to stop the repetitive MCAS
activation by switched thgtabilizer trimto cut out

After landedin Jakarta, the flight crew reported some malfunctions, but did natdedhe
activation of stick shaker and STAB TRIM to CUT OUT. The AOA DISAGR&E&t was

not availableon the aircraft therefore, the flight crew did not report it. The reported problem
would only be able to rectify by performing tasks of AOA Disagree.

The following morning on 29 October 2019, the aircraft was operated from Jakarta with
intended destination of Depati Amir Airport, Pangkal Pinang. According to the DFDR and the
CVR, the flight had samgroblemsas previous flight from Denpasar to Jakarta.

The flight crew started the IAS DISAGREE Ndwormal Checklist (NNC), but did not
identify the runaway stabilizerThe multiple alerts, repetitive MCAS activations, and
distractions related to numerous ATC communicati@esitributed to the flight crew
difficulties to control the aircraft.

The MCAS wasa new featurantroduced on the Boeing 73 (MAX) to enhance pitch
characteristics with flaps up duringpanual flight in elevated angles of attack. The
investigation considered that the design and certificaticthis feature was inadequate. The
aircraft flight manual and flight crew training did not include information ab@AS.

On 10 March 2019, similar accident occurred in Ethiopia involved a Boeing {BIAX)
experiencing erroneous of AOA.

As the resultof the investigatiorsafety actions have been taken by related paibT
issued safety recommendatidosaddress safety issues identified in this investigdbdron

Air, Batam Aero Technic, Airnav Indonesia, Boeing Company, Xtra Aerospace, Indonesi
DGCA, and Federal Aviation Administration (FAA)
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FACTUAL INFORMATION

History of the Flight

A Boeing 7378 (MAX) aircraft registered PHK.QP was being operated by PT.
Lion Mentari Airlines (Lion Air) as a scheduled passenger flight from Soekarno
Hatta Irternational Airport (WIII), Jakartawith intended destination of Depati
Amir Airport (WIPK), Pangkal Pinarfg The scheduled time of departure from
Jakarta was 0545 LT on 29 October 2018 (2245 ¥arC28 October 2018) as
LNI1610.

The number ofpersors onboad the aircraft wad89 consisted ofwo pilots, six
flight attendantsand 18 passengersncluding one engineerThe weight and
balance sheet showed the total person onboard was 188.

Prior to the departure, the Cockpit Voice Recorder (CVR) recatueflight crew
preflight briefing which mentioned Deferred Maintenance Item (DMI) of Automatic
Directional Finder (ADF) that was unserviceable, the taxi route, runway in use, the
intended cruising altitude of 27,000 feet and the weather being good. The @VR di
not record the fght crew discussion related to the previous aircraft problem
recorded in the Aircraft Flight and Maintenance Log (AFML).

The Captainacted as Pilot Flying (PF) and tikérst Officer (FO) acted as Pilot
Monitoring (PM).

At 2315 UTC, thdlight crew performedefore Taxi checklist. The Digital Flight
Data Recorder (DFDR) recordgutch trim was 6.6units Afterwards, the Jakarta
Ground controller issued taxi clearance to LNI61@light crew and instructed to
contact Jakarta Tower contiet.

At 2318 UTC, the Jakarta Tower controller instructed the LNFRB@Bt crewto line
up on runway 25 Left (25L). The flight crew then performed Before Takeoff
checklist.

At 2318 UTC, the Jakarta Tower controller issued takeoff clearance for LNI610
flight crew and which was readback by theFO. At 23:20:01 UTC, the DFDR
recorded Takeoff/Garound (TO/GA) button was pressed ahd engines spooled

up to takeofthrust

At 23:20:16 UTC, theFO called 80 knots and the DFDR recorded the airspeed
indicator a1 Captaird ®rimary Flight Display (PFD)indicated 79 knots while on
the Fir st @QFRO) PRDeimdidated 81 knots. The DFDR alsecorded
difference angle between left and right Angle of Attack (A&s&nsor, whiclwas
about 21%which continued untithe end of recordinglhe DFDR indicated that the
Flight/Director (F/D) on the Captain Primary Flight Display (PFD) showed 1°
down, while on the first officer PFD showed 13° up.

1 SoekarneHatta International Airport (WIII), Jakarta will be named as Jakarta fgouhgose of this report.

N

Depati Amir Airport (WIPK), Pangkal Pinang will be named as Pangkal Pinang for the purpose of this report.

3 The 24hours clock in Universal Time Coordinated (UTC) is used in this report to describe the local time as specific
events occurred. The Local Time (LT) is UTC +7 hours.

i

Primary Flight Display (PFD) is a dynamic color display of all the parameters necessary for flight path control.

5 Angle of Attack (AOA) is the angle between wing mean aerodynamic chord and direfctedative wind.
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At 23:20:32 UTC, the aircraft Enhance Ground Proximity Warning System
(EGPWS)sounded i \DEDQR. recdrdec the airspeed indicator tre
Captaird BFD indicated 1@ knots while on thé& O G°ED indicated 13 knots.The

low speed barber pole appeared Gaptaird $FD airspeed indicator with the
overspeed barber pole bartheVr (rotation speed) mark.

At 23:20:33 UTC,thdsOc al | e d A 2sedorals lateas ttee make gear lifted
off the runway,the DFDR recorded left control column stick shélsestivation
which continued for most of the flight.

At 23:20:37 UTC, the takeoffconfiguration warning soundwas recorded
momentarilyon the CVRthenthe FO statingfiTakeoff Config . Four seconc
the Captainqueriedaboutthe aircraft problem, at this time the DFDR recorded
pitchwas 7° up, the rate of climb was 1,000 feet/mirftam).

At 23:20:40 UTC, thaircraftbecameairborne. The clearance for departure was to
follow the Standard Instrument Departure (SID) of ABASA.1C

At 23:20:44 UTC, thgOc a | |A@adBrake Disarmh and a dCeptasxafd t h e
filndicated Airspeed Disagre . The DFDR recorded the
(IAS) was 1@ knots and the right IAS was 37nots. The IAS DISAGREE
message appeared until the end ofrdeording The FO then questioead whatwas

the aircraft problem and asked whether@aptainintendedto returnto the aiport

The Captain did not respond to theFO question anddid not provide
acknowledgementThe FOr epeat ed the call Afaut o br
adknowledged by th€aptain

At 23:20:51 UTC, the landing gelmver was rmved to UP

At 23:21:03 UTC, the Jakarta Tower controller instrudtexl_N1610 flight crewto
contact Terminal East (TE) controller.

At 23:21:12 UTC, thd-O advised theCagain fAltitude Disagree  athe €Captain
acknowledged. The altimeter d@aptairdo $FD indicaed 340 feet and theFO 6 s
PFD indicatecb70feet.

At 23:21:22 UTC, theFO made initial contact with the TE controllevho
respondedthat the aircraft was identified on the controller Aircraft Situational
Display/ASD (radar display). Thereafter, the TE coltr instructed the LNI610 to
climb toflight level 270.

At 23:21:28 UTC, thd-O asked the TE contra@t to confirm the aircraft altitude as
shown on the TE controller radar display. The TE controller responded that the
aircraft altitude was 900 feet andas acknowledged by thEO. The DFDR
recorded the altimeter o@aptaird $FD indicated790 feet and theF O 6P$D
indicated 1040feet.

At 23:21:37 UTC, theCaptaininstructed theFO to perform memory items for
airspeed unreliabldhe FO did not resportd this request.

At 23:21:44 UTC, thé~O askedthe Captain whathe intended altitudée should
requesto the TE controller and suggestealthe Captainto fly to downwind which

6 Stick shaker is an artificial warning device to alert the flight crew when airspeed is at a minimum operating speed and is
close to a wing stall condition (Boeing #87System Description Section of the Aircraft Maintenance Manual).
7 The detail of ABASA 1C Standard Instrument Departure (SID) is described in subchapter 1.8 Aids to Navigation.
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was rejected by th€aptain The Captainthen commandedo the FO to reques
clearance tany holding point.

At 23:2145 UTC, the DFDR recorded the aircraft starteduin to the left. The
altimeter onCaptaird #FD indicated B10 feet and on thd- O &P§D indicated
1,540feet. The heading bugasturned to the left.

At 23:21:52UTC, the FO requestedclearance front he TE control |l e
hol ding point for our <condition nowbo.
was the problem of the aircraftand ®r esponded #Afl i gtheé con
TE controller did not acknowtige theflight crew requesto go to a holding point

and only remembered the problem reported by the flight crew,

At 23:22:01 UTC, theFO suggested whether tligaptainwanted to reconfigerthe
flaps setting to flaps Mhich the CaptainagreedThe DFDRrecorded that the flap
travelled from 5 to 1. About 10 seconds latee Captaindirected the FQo take

overthe controjthe FOresponded t a tstandlgp. A

At 23:22:15 UTCthe TE controller noticed that the LNI6&ircraftaltitude on the
radar disply was decreasinfrom 1,700 to 1,600 feet and then the TE controller
asked the intended altitude to the LNI6flight crew. The DFDR recorded the
altimeter onCaptaird #FD indicated B00 feet and on th€O 6 BFD indicated
1,950 feet.

At 23:22:24 UTC, he FO suggested to the Captain to continue the flap
reconfiguration and the Captain agreed. The flaps started to travel to UP position.
The DFDR recorded the indicated airspee
the FOG6s PFD i ndi ecantisdater, thesFD askeddhe €aptaifrib u r
6,000 feet would be the altitude they wanted, in response to the TE controller query.
The Captain response was 5,000 feet.

At 23:22:30 UTC, the FO advised the TE controller that the intended altitude was
5,000 fe¢ and the TE controller then instructed LNI610 to climb to an altitude of
5,000 feet and to turn left heading 050°. The instructions were acknowledged by the
FO.

At 23:22: 32 Ut C, t he aircraft EGP WS
ANGLEO. The DF RiRraftral cnomentazilg redcliee 35°.

At 23:22:33 UTC, the flaps reached the fully retracted position and the automatic
AND trim was active for about 10 seconds, during which the horizontal stabilizer
pitch trim decreased from 6.1 to 3.8 units.

At 23:22:41 UTC, the Captain instructed the FO to select flaps 1 and the DFDR
recorded the flaps started to move. Three seconds later, the DFDR recorded the
main electric trim moved the stabilizer in thiecraftnose up (ANU) direction for 5
seconds and the pitchrh gradually increased to 4.7 units

At 23:22:44 UTC, tha=O called 5,000.The Mode Control Pane(MCP) selected
altitude began moving from 11,000 and reached 5,000 about 6 secondsAlater.
23:22:45 UTC, the aircraft descended at a rate up to 3,57@&fpnost aboti600
feet of altitude. The DFDR recorded the pitch trim was at 4.4 units.

At 23:22:48 UTC, the flaps reached position 1 and the left control column stick
shaker stopped briefly. The left AOA recorded 18° (nose up) and the right AOA
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recorded-3° (nose down). The rate of descent increased up to 3,200 fpm. On the
Capt ai ntheslowmspe&d barber pole appeared with the top of the pole was
about 285 knots.

At 23:22:54 UTC, the automatic AND trim activated for 8 seconds at a low speed.

At 23:2257 UTC, theFO asked the TE controllesf the speed as indicated on the
radar display.

At 23:23: 00 UTC, the aircraftAIRRSPEPENS s ol
LOWO. The TE controller responded that
the radar displg was 322 knots. The DFDR recorded the indicated airspeed on the
Captainbtés BBED3ODBdkoatedand o8l8kndise FOO6s

At 23:23:00 UTC, the flight crew selected flaps 5 and the flaps began to travel from
position 1 to 5. The Cagtacommanded ANU trim for 5 seconds and the pitch trim
was recorded at 4.8 unit®uring this time, the AND automatic trim ended.

At 23:23:04 UTC, the left control column stick shaker activated and continued until
the end of the recording, the rate ofndd was about 1,500 feet/minute, and the
pitch attitude was 3° nose up.

At 23:23:0r UTC, the DFDR recorded the flaps position was at 5.

At 23:23:08, the DFDR recorded on the
overspeed bar ber p ol ED, theeaveysped barem pole h e
appeared with the bottom of the pole about 340 knots and the low speed barber pole
did not appear.

At 23:23:09 UTC, the Captain commanded

At 23:23:15 UTC, the automatic AND trim activated for 1 setand activated
again at 23:23:18 UTC for another 1 second.

At 23:23:17 UTC, the FO advised the Caj
br ake, engine start switches off, what
respmded fAchecko.

At 23:23:18 U'C, the automatic AND trim activated for 2 seconds and activated
again at 23:23:23 UTC for another 2 seconds.

At 23:23:23 UTC, the automatic AND trim activated for 1 second and activated
againat 23:23:26 UTC for 1 second, at this time the aircraft weseading 100°.

At 23:23:26 UTC, the automatic AND trim activated for 1 second and activated
again at 23:23:32 UTC for 2 seconds, at this time the aircraft stoppedrrotin
heading 100°.

At 23:23:34 UTC, the FO asked pdndetli ght
Ayeaho.

At 23:23:39 UTC, the CVR recorded sound similar to paper pages being turned and
the Captaircommanded ANU trim fot second.
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At 23:23:48 UTC, the FO cal l4sedonds fateri g ht
the CVR recorded the sound of altitude alert tone. At this time, the altimeter on
the Captainds PFD indicated 4,110 feet
automatic AND trim activated for 1 second and the aircraft began to turn to the left.

At 23:24:03 UTC, the DFDR recorddate Captain commanded ANU trim far
second.

At 23:24: 05 UTC, the FO called nFeel
Captain commanded to perform the checklist for air speed unreliable, which was
acknowledged by the FO.

At 23:24:27 UTC,the DFDRmer ded t he al ti meter on t hi
4, 900 feet and the FO6s PFD indicated
of about 1,600 feet/minute.

At 23:24:31 UTC, the FO advised the Captain that he was unable to locate the
Airspeed Unrekble checkilist.

At 23:24:43 UTC, the CVR recorded altitude alert tone and the DFDR recorded the
altimeter on the Captainbdés PFD indicat
5,570 feet with a rate of climb of about 460 feet/minute.

At 23:24:46 UTC, theCVR recorded a sound similar to paper pages being turned.

At 23:24:51 UTC, the TE controller ad
LNI 6106s target | abel on the controlle
was experiencing a flight control problem.

At 23:24:52 UTC, the DFDR recorded the flaps started retracting from 5 to 1. The
CVR did not record any discussion related to flap position.

At 23:24:57 UTC, the TE controller instructed LNI610 flight crew to turn left
heading 350° and maintain an altituafe5,000 feet. The instruction was read back
by the FO.

At 23:24:59 UTC, the DFDR recorded the flaps were at position 1. Four seconds
later, the Captain commanded ANU trim tbseconds followed second later by
another ANU command for 1 second.

At 23:25:11 UTC, the FO repeated the TE controller instruction to the Captain to
fly heading 350°, then informed him that there was no airspeed unreliable checklist.

At 23:25:13 UTC, the DFDR recorded that the flaps started traveling from position
1 to 0 (UP) ad reached position 0 at 23:25:27 UTC. The CVR did not record any
discussion related to flap position.

At 23:25:17 UTC, the FO stated A10. 10
checklist. Note: The Airspeed Unreliable checklist is on page 1@k @RH

At 23:25:27 UTC, the automatic AND trim activated by the Maneuver
Characteristic Augmentation System (MCAB) 2 seconds and was interrupted by
the Captain who commanded ANU trim #®seconds. The pitch trim recorded 6.19
units.
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At 23:25:40 UC, MCAS activated fo6 seconds. The pitch trim recorded 4.67
units. This MCAS activation was interrupted when the Captain commanded ANU
trim at 23:25:46 UTC foi7 seconds and again at 23:25:54 UTC X@econd. The
pitch trim recorded 6.27 units.

At 23:26:00 UTC, MCAS activated for seconds and was interrupted at 23:26:06
UTC when the Captain commanded ANU trim for 6 seconds. The pitch trim
recorded 5.59 units.

At 23:26:17 UTC, MCAS activated for 4 seconds until it was interrupted at
23:26:20 UTC wherthe Captain commanded ANU trim for 4 seconds. The pitch
trim recorded 5.6 units

At 23:26:29 UTC, MCAS activated for 3 seconds until it was interrupted at
23:26:32 UTC when the Captain commanded ANU trim for 3 seconds. The pitch
trim recorded 5.0 units.

At 23:26:32 UTC, the DFDR recorded the aircraft heading was 015° while the last
instruction by the TE controller was fly heading 350°. While the FO was reading
the Airspeed Unreliable checklist, the TE controller instructed to turn right heading
050° and maitain 5,000 feet. The instructions were read back by the FO.

At 23:26:45 UTC, MCAS activated for 3 seconds until it was interrupted at
23:26:48 UTC when the Captain commanded ANU trim for 6 seconds. The pitch
trim was recorded as 5.83 units.

At 23:26:59 UTC MCAS activated for 5 seconds until it was interrupted at
23:27:03, when the Captain commanded ANU trim for 6 secaiss, at 23:26:59,

that the TE controller instructed LNI610 flight crew to turn right heading 070° to
avoid traffic. The DFDR recordechd aircraft heading was 023° whitbe last
instruction by the TE controller was fly heading 050°. The FO was still reading the
Airspeed Unreliable checklist step noting that the flight path vector and pitch limit

indicator may be unreliable and didnosgpeo nd t o t he TE contrc

thereafter, the controller called LNI610 twice and the FO responded at 23:27:13
UTC.

At 23:27:03 UTC, the flight crew commanded ANU trim foseconds.

At 23:27:15 UTC, MCAS activated for about 5 seconds untilas wterrupted at
23:27:19, when the flight crew commanded ANU trim for 5 seconds. The FO was
reading the Airspeed Unreliable checklist while the TE controller instructed LNI610
to tum right heading 090°, which was acknowledged by the FO. The DFDR
recordel the aircaft heading was 038° while the last instruction by the TE
controller was fly heading 070°. A few seconds later, the TE controller revised the
instruction to stop the turn and fly heading 070°, which was acknowledged by the
FO.

At 23:27:19 UTC, lte flight crew commanded ANU trim f&r seconds.

At 23:27:29 UTC, MCAS activated for about 5 seconds until it was interrupted at
23:27:33 when the Captain commanded ANU trim for 6 seconds. The pitch trim
was recorded asBunits.
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At 23:27:44 UTC, MCAS actated for 4 seconds and at 23:27:48 UTC, the Captain
commanded ANU trim for 4 seconds. The Captain commanded ANU trim again at
23:27:53 for 3 second¥ he pitch trim recorded 5.7 units.

At 23:27:58 UTC, the FO continued reading the Airspeed Unreliablekic$teand
informed the Captain that he would check the Performance Inflight, which was
acknowledged by the Captain.

At 23:28:01 UTC, MCAS activatetbr about 7 seconds until it was interrupted at
23:28:07 when the Captain commanded ANU trim for 7 secoHas.pitch trim
recorded 5.30 units.

At 23:2809 UTC, theFO instructed the Flight Attendant (FA) via interphone to
enter the cockpit.

At 23:28:15 UTC, the TE controller provided traffic information to the LNI610
flight crew, which was acknowledged by tR® and 1 second later the flight crew
commanded ANU trim for 1 second.

At 23:28:18 UTC, the FA entered the cockpit and the Captain commanded to call
the engineer to the cockpit. The FO al
FA to call the enginee

At 23:28:22 UTC MCAS activated for 1 second and the flight crew commanded
ANU trim for 3 seconds. The pitch trim recorded 5.4 units.

At 23:28:30 UTC MCAS activated for about 4 seconds until it was interrupted at
23:28:33 when the flight crew commande W trim for 6 seconds. The pitch trim
recorded 5 units.

At 23:28:41 UTC, the CVR recorded a sound similar to the cockpit door opening
and 14 seconds | ater, the Captain asked

At 23:28:43 UTC, the TE controller instructed LN® flight crew to turn left
heading 050° and maintain 5,000 feet. The instruction was acknowledged by the
FO. The DFDR recorded the aircraft heading was 045° while the previous
instruction by the TE controller was to fly heading 070°.

At 23:28:44 UTC, MCASactivated for about 4 seconds until it was interrupted at
23:28:48 when the Captain commanded ANU trim for 6 seconds. The pitch trim
was recorded asbunits.

At 23:28:58 UTC, there was communication between FAs on the interphone which
discussed that tine was a technical issue in the cockpit.

At 23:28:59 UTC, MCAS activated for about 6 seconds until it was interrupted at
23:29:04 when the flight crew commanded ANU trim for 5 seconds. The pitch trim
was recorded as 5 units.

At 23:29:14 UTC, MCAS activatl for about 7 seconds, until it was interrupted at
23:29:20 when the Captain commanded ANU trim for 3 seconds, &l&3:29:14,

the FO confirmed the aircraft condition of landing gear up and altitude of 5,000
feet. Four seconds later, the CVR recordahd similar to the altitude alert tone, at
this time the DFDR recorded the alti me
feet and the BePOfetPFD i ndicated
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At 23:29:25 UTC, the flight crew commanded ANU trim for 6 seconds. The pitch
trim was reorded as 3 units.

At 23:29:37 UTC, the TE controller questioned the LNI610 flight crew whether the
aircraft was descending as the TE controller noticed that the aircraft was descending
on the radar screen. The FO advised the TE controller that they fligtt control
problem and were flying the aircraft manually.

At 23:29:38 UTC, MCAS activated for about 4 seconds until it was interrupted at
23:29:41 when the Captain commanded ANU trim for 7 seconds. The pitch trim
was recorded as 5.6 units.

At 23:29:45 UTC, the TE controller instructed the LNI610 flight crew to maintain
heading 050° and contact the Arrival (ARR) controller. The instruction was
acknowledged by the FO. The DFDR recorded the aircraft heading was 059° while
the last instruction by theETcontroller was heading 050°.

At 23:29:53 UTC, MCAS activated for about 6 seconds until it was interrupted at
23:29:58 when the Captain commanded ANU trim for 3 seconds. The pitch trim
was recorded as 4.5 units.

At 23:30:02 UTC, the FO contacted the AR&ntroller and advised that they were
experiencing a flight control problem. The ARR controller advised the LNI610
flight crew to prepare for landing on runway 25L and instructed them to fly heading
070°. The instruction was read back by the FO. The DF&Rrded the aircraft
heading was 054° while the last instruction by the TE controller was heading 050°.
At 23:30:06 UTC, MCAS activated for about 2 seconds until it was interrupted at
23:30:07 when the Captain commanded ANU trim for 6 seconds. The pitch t
was recorded as 5.1 units.

At 23:30:18 UTC, MCAS activated about for 6 seconds until it was interrupted at
23:30:23 when the Captain commanded ANU trim for 9 seconds. The pitch trim
was recorded as%units.

At 23:30:38 UTC, MCAS activated for abobitseconds until it was interrupted at
23:30:42 when the Captain commanded ANU trim for 3 seconds. The pitch trim
was recorded as8&units.

At 23:30:48 UTC, the Captain asked the FO to take over control of the aircraft.

At 23:30:49 UTC, the FO command@&dNU trim for 3 seconds. At 23:30:54, the
FO replied Al have control o.

At 23:30:57 UTC, theCaptainrequested to ARR controller to proceedBS8ALAS
due to weathewhich was approved by the ARR controller.

At 23:31:00 UTC, the autoatic AND trim activatedor 8 seconds, the pitch trim
changed from 5.4 to 3.4 units.

At 23:31: 07 UTC, the FO stated ndwah, i

8 Waypoint ESALA is located on coordinate 5°57'42.00"S 107°19'0.00"E which about 40 Nm from Sedi#eo
Airport on bearing 75°.
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At 23:31:08 UTC, the FO commanded ANU trim for 1 second and the pitch trim
changed to 3.5 units. Meanwhile the Captain advised the ARR contiwdliethe

altitude of the aircraft could not be determined due to all aircraft instruments
indicating different altitudes. The Captain used the call sign of LNI650 during the
communication.T h e ARR <controll er acknowl edge
restrictiano .

At 23:31:15 UTC, MCAS activated for about 3 seconds until it was interrupted at
23:31:17 when the FO commanded ANU trim for 1 second, the pitch trim changed
to 2.9 wunits and the FOOs.ofback pessure.sensor

At 23:31:19UTC, the FO commanded ANU trim for an additional 4 seconds and
the pitch trim changed to 3.4 units.

At 23:31:22 UTC, the Captain requested the ARR controller to block altitude 3,000
feet above and below for traffic avoidance. The ARR controller askeiahténsded
altitude.

At 23:31:27 UTC, MCAS activated for 8 seconds, the pitch trim changed to 1.3
units and the FO6s control column senso

At 23:31:33 UTC, the FO informed to the Captain that the aircraft was flying down.
At this time the DFDR recorded that the aircraft pitch angle v2dsand the rate of
descent was about 1,920 fpm. At 23:31:35 UTC, the Captain responded to the ARR

controller with Afive thouo. The ARR ¢
At 23:31:36 UTC, thd=O exclaimed the aircraft was flying down which then the
Captain responded: #Aitdéds oko.

At 23:31:36 UTC, the FO commanded ANU trim for 2 seconds and the pitch trim
changed td..3 units.

At 23:31:43 UTC, MCAS activated for 4 seconds, the pitch trim chahgéd3
units and the FOb6s contr ol col umn senso

At 23:31:46 UTC, the FO commanded ANU trim for 2 seconds, the altitude
indicated on the Captainbés PFD was 3, 2
and the rate of descent was moraenth@,000 feet/minute.

At 23:31:51 UTC, t he EGPWSRRAIN I feo lall eew
iSI NK RATEO were heard on the CVR as we

At 23:31:53 UTC, MCAS activated until the DFDR stopped recording at 23:31:54
UTC and the CVRstopped recording 1 second later.

The ARR controller attempted to contact the LNI610 flight crew twice with no
response. At 23:32:20 UTC, LNI610 aircraft target disappeared on the ASD and
changed to flight plan track. The ARR controller and TE contrateempted to
contact the LNI610 four more times with no response.

The ARR controller then checked the last known coordinates of LNI610 and
instructed the controller assistant to report the occurrence to the operation manager.

The ARR controller requesieseveral other aircraft to hold over the last known
position of LNI610 and to conduct a visual search of the area.
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About 0005 UTC (0705 LT), a tugboat crew found floating debris at coordinate
5°48'56.04"S; 107°7'23.04"E which is about 33 Nm from Jalartbearing 056°.
The debris was later identified as part of LNI610 aircraft.

1.2 Injuries to Persons
Injuries Flight crew Passengers ;ﬁﬁ;}? Others
Fatal 8 181 189 -
Serious - - - -
Minor - - - -
None - - - -
TOTAL 8 181 189

The Captain was Indian, one of the passenger was Italian and others were
Indonesian citizen

1.3 Damage to Aircraft
The aircraft was destroyed.
1.4 Other Damage
No other damage to property and/or the environment
1.5 Personnel Information
15.1 Captain

Gender . Male
Age . 31 years
Natonality : India

Date of joining company : 25 April 2011

License . ATPL
Date of issue . 28 July 2016
Aircraft type rating : Boeing 737
Instrument rating validity : 31 May 2019
Medical certificate . Firstclass
Last of medical . 5 October 2018
Validity : 5 April 2019
Medical limitation . Flight crewshall wear corrective lenses
Last line check : 19 January 2018
Last proficiency check 7 October 2018
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15.2

Flying experience

6,028hours45 minutes
5,17 hours

148 hoursl5 minutes
80 hours 5 minutes

Total hours

Total on typgBoeing737)
Last 90 days

Last 30 days

Last 7 days

This flight

13 hoursl5 minutes
About 11 minutes

Captain Training Record Summary

The investigation examined th€Eapt ai no6 s training recor
consisted of general, proficiency, line and recurrent checks. The Captain passed all
checks. The detail of the Captainds tr
this report. Several remarks during the simulator proficiency check were as follows:

A 12 May 2015, i n the assessment I tem o
was lack of appropriate technique that resulted in a second stick shaker
activation.

A 25 May 2017, the remark was the Crew Resource Management (CRM) needed
to be improved.

A 23May®D18, in the assessment item fiteamw
standard signal for effective communication and good teamwork during

abnormal or emergency situation.

First Officer (FO)

Gender
Age
Nationality
Date d joining company
License
Date of issue
Aircraft type rating
Instrument rating validity
Medical certificate
Last of medical
Validity
Medical limitation

Last line check
Last proficiency check

Male

41 years
Indonesia

31 October 2011
CPL

15 May 1997
Boeing 737

31 August 2019
First Class

28 Septembe2018
28 March 209

Flight crewshall possess glasses that correct fo
near vision

4 July 2017
25 August 2018
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Flying experience

Total hours : 5,174hours30 minutes
Total on typgBoeing737) : 4,286 lours

Last 90 days . 185 hours % minutes
Last 30 days . 32 hoursA3 minutes
Last 7 days 17 hours50 minutes
This flight : About 11 minutes

FO Training Record Summary

The detail of the FOO6s training rrtecord
Several relevant remarks during the simulator proficiency check are as follows:

1 25 June 2013, the check result was unsatisfactory. In the assessment tem non
precision approach, the FO did not tune the localizer which resulted in after
crossing the Fia Approach Fix (FAF) he failed talescend. The assessor
considered that it was caused by lack of situational awareness or judgment.

On the asasssment item missed approach it was remarked that he had a problem
understandinghe sequence of auto flight.

T 11 July 2013, the check result indicated remarks on 15 assessment items. On the

assessment I tem fABasic FI i ght Char ac:
remarked that recovery stall required more power and more force to maintain
path.

Another remark was oas s e s s me nt item AWor kl oad M

remarked that the FO tended to have poasi-is®.

1 14 July 2013, the newire training recais indicated: need more detail on
procedures, after 4th attempt of engine failure after takeoff the result was
satisfactory, during single engine operation need improvement of rudder usage
during power up or down, need more discipline to follow F/D during single
engine non precision and precision a
awar eness | etsmisingperforr@ed byrbreefing.i v e

1 17 July 2013 simulator type rating check performed with satisfactory result.

1 2 June 2014, it was records indichtet hat t he FO had fAmaj c
on shortfinal, too rush, and needecerfle handling on control columwith
small correction for pitch and attitude and must be patient with the result. The
FO also needed to manage stress while aircraft adtitves changing such as
pitch due to external aspect (wind etc.).

T 6 July 2014, on a s s es s m@tandard instranment A Ar
Departure (SID)o, it was noted that t|
On the assessment item AFIlight Manage:l

FO missed identifying the NelNormal Checklist (NNC).

9 Pressonit-is, is a psychological phenomenon that siynfile decision to continue to the planned destination or toward
the planned goal even when significantly less risky alternatives exist.
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153

154

On

assessmahRtediteimmNApproacho,

follow the approach profile and wrong decent target artical speed.

t he

the r

ofr eacsi sse sosnmeMpt p riotaecnn

prolIil®i enc

1T 28 February 2016,

was that the FO had difficulty in maintaining the airtsaifaight on final course.
T 6 August 2016, during

Approacho, the

1 6 August 2016, during the recurrent check, the overall result as satigfacto

ow o0n

standard.

T 23 April 2017, the remar k was

due to wrong ancept of the basic principal for stall recovery in high or low
|l evel . O

T 23 August 2017, during the
Approacho, the remark was too sl

1 8 April 2018, the remark was to improve the situational awareness.

1T 25 August
Awarenesso
value of 725°C.

Flight Attendants

2018,
t he

on

assessment
remar kd 76b5Csinstead ef m&iGhim st a

it em

All flight attendants held valid Flight Attendant Certificates with rating foeiag
737 and valid medical examination certificates.

Air Traffic Controller

Gender
Age
Nationality
Year of joining company
License
Date of issue
Type rating

Date of issue
Validity

Medical certificate
Last of medical
Validity
Medical limitation

Terminal East
Male

63 years
Indonesia

2013

ATC

1 February 2015

1 ApproachControl
Surveillance

1 ApproachControl
Procedural

17 June 2018

17 December 2018
Third Class

11 January 2018
11 January019

Arrival

Male

50 years
Indonesia

2013

ATC

1 February 2015

1 ApproachControl
Surveillance

1 ApproachControl
Procedural

30 June 2018

30 December 2018
Third Class

19 April 2018

19 April 2019

Holder shall possess Holder shall wear
glasses that correct fc corrective lenses
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ICAO Language Proficienc :

Date of issue

Validity
Working time 10

Last 7 days

Last 24 hours
Duty time1t

Last 7 days

Last 24 hows

1.6 Aircraft Information

1.6.1 General

Registration Mark
Manufacturer
Statesof Manufacturer
Type/Model
Serial Number
Year of Manufacture
Certificat of Airworthiness
Issued
Validity
Category
Limitations
Certificate of Registration
Number
Issued
Validity
Time Since New
Cycles Since New

Terminal East

Arrival

near vision

Level 4 Level 5

28 July 2018 30 November 2015

28 July 2021 30 November 2020

22 hours 9 43 hours
(office works acted a
Operation Manager)

9 1 hour30minutes

(as controller)

1 hours 1 hour 30 minutes

12 hours 1 hour 30 minutes

1 hour 1 hour 30 minutes

PK-LQP

Boeing Company

United States of America
737-8 (MAX)

43000

2018

15 August 2018
14 August 2019
Transport

None

43000

15 August 2018

14 August 2021
895 hours 21 mines
443 cycles

10 The working time is the time period when the person attends thaoypartworking shift.

11 The duty time for Air Traffic Controller is the time period when the person performs their duty to provide air traffic

control service.
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1.6.2

1.6.3

Last Major Check . None

Last Minor Check © None
Engines

Manufacturer . CFM International

Type/Model . LEAP-1B25

Serial Numbeil engine . 602506
A Time Since New 895 hours 21 minutes
A Cycles Since New  : 443 cycles

Serial Numbef2 engine . 602534
A Time Since New : 895 hours 21 minutes
A Cycles Since New : 443 cycles

RecordedAircraft Problems

The recorded aircraft problenbased on Onboard Maintenance Function (OMF)
and Aircraft Flight and Maintenance Log (AFML) as follow.

9 October 2018

The problems related to the air data systeere recorded intermittently in the
Flight History page of the aircraft OMF. The OMF Flight History page recbrde
t hat at 1159 UTC the message AAnal e
detected by the left Air Data Inertia Reference Unit (ADIRU).

The AFML has an entry that on 9 October 2018 at 1219 UTC, during parking in

Jakarta the aircraft had the problem of STBY PWR OFF (stand by powergbit) i
illuminated and followed by the @iuit Breakers (CBs) tripped out on the following
components; DC battery, APU GCU (Auxiliary Power Unit Generator Control
Unit), GCU 1 Generator Control Unit of left engine) and GCU 2 (GCU right
engine), and GEN DISC 1 (Generator Disconnect of the lefergéor) and GEN
DISC 2 (Generator Disconnect of the right generator).

The engineer in Jakarta rectified the problem by closing all the CBs and conducted

engine run at idle power to verify the problem. The AFML emstiated that the
problem was resolved.

26 October 2018

The aircraft arrived in Manado at 2243 UTC after a flight from Tianjin (China) with
flight number LNI2748. The AFML entry states the SPD (Speed) and ALT

o

(Altitude) FIl ags appeared on Captainoés

normal airspeed and altitude indication. The MAINT light on the overhead panel
illuminated. The engineer in Mado checked the OMF and found the maintenance
message 231000 (SMYD FAULT, detected by Stall Management Yaw Damper
(SMYD) - 1).

Regarding maintenancmessage 281000, using the Interactive Fault Isolation

Manual (1T FI M) l ed to two mai nt enance
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Al l eviationo wi-60b08i10B& 11 BhM HN&MYD2Fault
task 2732-00-810-805.

The engineer in Manado perfoed IFIM task 2732-00-810-805 by conducting
selftest of SMYD position 1. The AFML entry states that the-tdf result passed

and the engineer erased the maintenance message. The airspeed and altitude
indicators appeared on cap@id’FD and the engire in Manado released the
aircraft for flight.

27 October 2018

The aircraft flew from Manado on 26 October 2018 (UTC) to Denpasar {ay17

arrived on 27 October 2018 (UTC), the SRDd ALT flags appeared on the
Captainbs PFD wer e rflgig.orhet emgineeoin Danpasae d o
checked the OMF and found the maintersammessage 231012 (AD DATA

INVALID detected by Stall Management Yaw Daer (SMYD)i 1). Afterward,

the engineer in Denpasar performed the SMYBelftest which result passed.
Subsegently the engineer in Denpasar erased the message in the OMF which
resulted in the MAINT light on the P5 panel was extinguished.

The aircraft and the flight crew then performed a round trip flight, flying Denpasar
to Lombok (LNI828), and Lombok to DenpadaNI829). The SPD and/or ALT
flags were not reported as having occurred on these flights.

The aircraft then #w from Denpasar to Manado (LNI776) and arrived in Manado

at 0845 UTC. The AFML (page number B3042851) recorded the indication of the
SPDandAL T Fl ags had shown on the Captaind
SPEED TRIM and MACH TRIM lights illuminated.

The aircraft was scheduled stay ovemight in Manado beforecheduled foflight
to Denpasaon the following morning. At the time of éiproblem rectification, the
weather at Manado wasimang.

The AFML record the engineer referenced IFIM task32700-810-816 (AD

DATA INVALID) and reviewed the OMF which showed STALL WARNI N
SYS L0 on the status mess atftpenedttegedfest Th e
of the SMYD 1, which resulted im failure indication.

The engineer in Manado found the correlated maintenance messages on the OMF
which were 2731012 (AD DATA INVALID), 34-21107 (ADIRUL ADR DATA
SIGNAL IS INVALID), 34-21123 (ANGLE r ATTACK SIGNAL IS OUT OF
RANGE) and 3-61263 (AIR DATA SIGNALS FROM ADIRUL ARE
INVALID).

The OMF maintenance message3012 led the engineer to IFIM task-22-00-
810816 (AD DATA INVALID) which required the selfest of the SMYDB1 which
had alreadyeen done

The OMF maintenance message-23407 and 321123 led to condudng the
Build in Test EquipmentRITE) test of the system through FMC CD\Flight
ManagemenComputeii Computer Display Unit)

The engineer inManado conducted the FMC CDU BITtest and found the
maintenance message -34007 AIR DATA INVALID ) and 3421023 (AOA
SIGNAL FAIL).
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Subsequently the engineer in Manado reset the GBCoDC and EXC (excitation
power source) of the left ADIRU (Air Data Inertial Reference Unit). After tegpt
the CBs, the Mardo engineer conducted s¢dfst of the SMYDB1 and Digital
Flight Control System (BCS) with result that it passed

The OMF maintenance message@463 led to the IFIM task 3@1-00-810 854
(AIR DATA SIGNALS FROM ADIRU-L ARE INVALID, detected by flight
management computer (FMQ) which consists of 14 eps in the Fault Isolation
Procedure including the wiring check of Adata Module (ADM) and ADIRU. The
wiring checks were not conducted by the engineer am&dlo because the weather
was raining and to avoid lightning hazard. The engineer in Manado pedotine
electrical connector spection by removing and reconnecting to@anectors of the
left ADM and ADIRU. The inspection did not find abnormality to the left ADM
and ADIRU.

The ARML recorded that the fault status of OMF maintenance message regarding
the problems were not active.

On the following morning before the flight, the engineer in Manado met with the
flight crew and discussed the rectification of the SPD and ALT flagdgmollhe
flight crew of this departing flight was the same flight crew of the inbound flight on
this aircraft on the day before. The flight crew mentioned that the probleeaigul
several times and requested more be done to rectify the problem. Theeengine
suggested that it might be better to conduct problem solving in Denpasar

28 October 2018

The aircraft departed Manado on 27 October 2018 at 2340 UTC (28 October 2018
at 0740 LT) withthe flight number LNI775 and arrived at Denpasar on 28 October
2018 @ 0205 UTC. The AFML (page number B3042853) recorded the problem as
follows:

1. SPD and ALT Flagshown onCaptaird BFD,
2. SPEED TRIMandMACH TRIM lightsilluminated,
3. Auto throttle arm disconnect on také roll.

The AFML entry referred to IFIM task 232-00-810-816 (AD DATA INVALID)

and referred to the OMF which showed t
status message page. The engineer in Bsarpperformed setést of the SMYDBL

with result that it faild. The OMF showed maintenance messages-@i1P12(AD

DATA INVALID) and 27-31015 (ADIRUL IR1 DATA INVALID i Inertial Data

is Invalid).

The engineer in Denpasar checked the existing fault in the OMF and found
maintenance message of34107 (ADIRUL ADR DATA SIGNAL IS INVALID)
and 3421123 (AOA SIGNAL OO OF RANGE).

The engineer conducted BITE test via FMC CDU and found maintenance messages
34-21007 (ADR DATA INVALID) and 3421023 (AOA SIGNAL FAIL).

Subsequently the engineer in Denpasar reset the CB of AC, DC and EXC
(excitation power gurce) of the |lefADIRU. After resetting the CBs, the engineer
conducted selfest with result that it pasd
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The engineer in Denpasar also conducted the BITE test of the Digital Flight Control
System (DFCpwhich result that it passed and in the OMF showed the manttena
message not active. Thereafter, the engineer erased the status message

The AFML entry stated the engineer in Denpasar intended to replace the AOA
sensor for trouble shooting due to repetitive problem

Because a spare AOA sensor was not available inp&ar, the engineer
coordinated with Maintenance Control Centre (MCC) to order an AOA sensor from
Batam Aero Technique (BAT) located in Batam. While waiting for the AOA sensor
to arrive in Denpasar, the aircraft was grounded

The AOA sensor (part numb8B61FL1 serial number 14488) arrived in Denpasar
about 1000 UTC (1800 LT). The engineer in Denpasar removed the AOA sensor
(part number 0861FL1 satinumber 21401) referring to AMM 321-05-000-801

and installed the AOA received from BAT, referring to AMVB4-21-05-400- 801.

After installation of the AOA, the AMM requires performing an installation test by
referring to task AMM 3421-05-400-801. The AMM described two methods for
performing the installation test; the recommended method by using test eguipme
AOA test fixture SPE1917 and the alternative method using the SMYD BITE
module. The test equipment (AOA test fixture SFA17) was not available in
Denpasar therefore, the engineer in Denpasar used the alternative method. The
alternative method is perimed by deflecting the AOA vane to the fully up, center,
and fully down positions while verifying the indication the SMYD computer for
each position. The engineer did not record the indication on the SMYD computer
during the installation test.

The engneer in Denpasar conducted the heater test by dropping water onto the
AOA vane with result that it passed. The engineer performed the BITErtdbe
FMC CDU which showed ANo Current Faults

The engineer in Denpasar provided the investigation seMasgincluding of the
Captaird PFD that was claimed to be taken after the AOA sensor replacement and
of the SMYD duriry the installation test. However, the time shown on the Capin
PFD was the time before arrival of AOA sensor spare part and thetigatems
confirmed that the SMYD photos were not of the accident aircraft.

The aircraft was released to service at 1230 UTC (2030 LT).

Thereafter, the aircraft departed from Denpasar to Jakarta with flight number
LNI043 and arived in Jakarta at 1556 WT (2256 LT). The flight crew reported on
AFML page nultber B3042855 that the aircraft
Disagree shown aftertalkef f 6 and AFEELtDIiFF uRMRBRAS eldid

The AFML recorded that engineer in Jakarta conducted flushing opiteftand

static ADM refer to the IFIM task 320-00-810-801 (ALT DISAGREE Shows on
entry stated t he -oFault tstlation) RFakdDcon@uCtedpthea i n ¢
operational test which resulted in satisfactory performaddee AFML page

number B3042855 alscecorded that the Jakarta engineer cleaned the electrical
connector of the elevator feel computer and referred to the IFIM ta3k-23-810

803 (FEEL DIFF PRESS Light is drault Isolation) and conducted the test with

result that it passed
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The engineereleased the aircraft into service on 28 October 2018 at 1930 UTC (29
October 2018 at 0230 LT).

1.6.4  Angle of Attack (AOA) Sensors Historical Record
1.6.4.1 RemovedAngle of Attack sensor P/N 0861FL1 S/N 2140)

Lion Air removed AOA sensor Part Numb@/N) 0861FL1Serial Number (S/N)

21401 from PKLQP aircrafton 28 October 2018 to address a maintenance-upite
stating that the speed (SPD) and altit
PFD. Following the accident, BATAM &0 Technik provided the removed AOA

sensor to KNKT on 5 November 2018. The KNKT subsequemtovided the

sensor to the United States National Transportation Safety Board (NTSB) for
further examination and detailed testing.

On 10 December 2018, representatives from the KNKT, NTSB, FAA, anthd@ioe
convened at a Collins Aerospace (previously known as Rosemount Aerospace)
facility to perform examination and testing of the AOA sensor in accordance with
the Collins Aerospace Component Maintenance Manual (CMM)12334,
Revision 9. Examination of €hAOA sensor revealed an intermittent open circuit in
the resolver #2 coil wiring. At temperatures above approximately 60°C, the resolver
functioned normally, but did not function below that temperature.

The detall report of the inspection result of AOAsear P/N 0861FL1 S/N 21401 is
attached in the appendices of this report.

1.6.4.2 |Installed Angle of Attack (AOA) sensor(P/N 0861FL1 S/N 1448%

At the time of the accident, AOA sensor, P/N 0861FLN $4488 was installed on

the left side of the fuselage of RKQP; this sensor had been installed on 28
October 2018 in Denpasar. No fragments of the AOA sensor were identified in the
recovered wreckage.

This AOA sensor was previously installed on the right side of the fuselage of a
Boeing 737900ER aircraft, Malayan registration 9MLNF, which was operated

by Malindo Air. The AOA sensor had been removed on 19 August 2017 due to
maintenance writelps indicating that SPD and ALT flags were shown on the FO
PFD during a prdlight check.

The investigation reviewed Fligy Operation Quality Assurance (FOQA) data of
9M-LNF aircraft from 28 May 2017 to 26 August 2017. On the Boeingd®IER,

airspeed, altitude, and AOA from the right side are not recorded on the DFDR.
However, the DFDR does record Flight Director (F/D) ocmands on the FO PFD

which are dependent on airspeed and altitude measurements. The review found 15
flights that experienced the right F/ D
consistent with the appearance of the S

On 2 August 2017, the AOA sensor S/N 14488 was sent to, and subsequently
stored at a Malindo Store & Logistic Department in Kuala Lumpur, Malaysia. A
Repair Order was issued by Batam Teknik (Batam Aerchilie - BAT) on 23
August 2017.

On 20 October 2017, Bam Teknik sent S/N 14488 from Kuala Lumpur to Xtra
Aerospace in Miramar, Florida, USA for repair.
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1.6.5

1.6.5.1

From23 October 2017 to 3 Novemb2017 S/N 14448 was under repair at the Xtra
Aerospace facility. Work Order number W8206 noted that the reason of removal
was speed (SPD) and altitude (ALT) flags displayed and speed and altitude
indication did not appear

Preliminary inspection of the AOA sensor at Xtra Aerospace verified the part
number and serial number. The unit was observed to be in fair but dirtyioandit
and did not pass the operational test. The preliminary result stated that the eroded
vane caused erroneous readings

Based on repair records, the unit was disassembled to replace the eroded vane. After
vane replacement and reassembly the unit wadratd and tested to the
requirements of the CMM Revision 8 (current at the time of the repair). The work
order stated that the results for the required tests were satisfactory. Xtra Aerospace
approved S/N 14488 for return to service on 3 November 2017.

On 27 November 2017, Xtra Aerospace sent the unit to the Malindo Air stores
facility where it was received in Kuala Lumpur on 01 December 2017. Malindo Air

sent S/N 14488 from Kuala Lumpur to BAT store in Batam on 20 December 2017.
BAT received S/N 14488 022 December 2017.

On 28 October 2018, the AOA sensor sent from Batam at 0900 LT (0200 UTC) and
received at Denpasar station about 1830 LT (1030 UTC) where it was installed on
the left position of PKLQP aircraft

Aircraft System information

These aircrafsystem descriptions ameferring to Boeing 738 (MAX) Aircraft
Maintenance Manual (AMM), System Description Section (S&®)Flight Crew
Operations Manual (FCOM).

Air Data Inertial Reference System

The Boeing 738 (MAX) is equipped wit an Air Data mhertial Reference System
(ADIRS) that provides flight data to the flight deck display panels, flight
management computers, flight controls, engine controls and all other systems
requiring inertial and air data information. The ADIRS combines the Air Data
System (ADS) function and the Inertial Reference System (IRS) function into a
single device identified as an Air Data Inertial Reference Unit (ADIRU). The
ADIRUSs provide inertial position and track data to the flight management system as
well as attitude, léitude and airspeed data to the flight deck displays. The ADIRUs
process inforration measured by internal gyros and accelerometers and information
from the air data sensors.

Air Data System(ADS)

The function of the Air Data Module (ADM) is torsge the mcraft total and static
pressures external to the aircraft and convert them into digital electrical signals.
These electrical pressure signal, in conjunction with the Total Air Temperature
(TAT) and the aircraftés Angl eRUotb Attt
calculate basic air data information (parameters) for transmission to various systems
on the aircraft. Somof the parameters that the ADIRU transmits include: altitude,
computed airspeed, and true airspeed. Another function of the ADIRU is togrovid

38



AOA information (corrected angle of attack) directly to the Flight Control
Computers (FCC) as in input to tNECAS function.

Both the altitude and airspeedeustatic pressure which includes calculations for a
correction factor of the Static Source Err@orrection (SSEC). This is a
compensation for pressure errors caused by the airframe aerodynamic effects on the
static port. The static ports have been located to minimize errors. Compensation for
the remaining errors is provided by a correction algoricomprised of three
factors: basic correction, thrust effect compensation and ground effects
compensation

CAPT FIO ALT
o~ AUX PITOT PROBE AOA SENSOR STATIC STATIC STATIC

PORT PORT PORT

3 5
|

&l TOSTBY AS
ADM l
—]
ADIRU-2 ADM  H
150U —_—
ADIRU-1 .
- it
ADM |
il

CAPT PITOT PROBE — ALT
TAT PROBE AOA SENSOR STATIC STATIC STATIC
PORT PORT PORT

REXXXXXZRZ]  PITOT LINES
TEEEEE  STATIC LINES
——— DIGITAL INTERFACE
————— = ANALOG INTERFACE

Figure 1: lllustrated static and total air pressure system
Pitot and Static System

The pitot static system is comprised tbfee separate pitot probes and six flush
static ports; two of these pitot probes and four of the static ports interface with the
Air Data Modules (ADM), which convert pneumatic pressure to electrical signals
and send these data to the ADIRUseTADM conponent is installed inside the
pressurized cabin. The cabin altitude is normallyiaatrolled by the cabin
pressure controller up ta cabin altitude of 8,000 feet at the aircraft maximum
certified ceiling of 41,00 feet

The remaining auxiliary pitotrpbe andalternate static ports provide pitot and static
pressure to the standby instruments. The auxiliary pitot psolmeated on the first
of ficerds side of the aircraft

The ADM connected to the Captainbs pif
ADIR U, whi |l e t he ADM connected t o t he
information to the right ADIRU. The remaining ADMs are located at the balance
centers of the Captainbés and First Of fi
Captai ndbs endsarformationpto theé $ft ADIRU, while the ADM
connected to the First Officerods .static

The data from the ADIRU is processed by the Display Processing Computer (DPC)
in the MAX Display System (MDS). The Boein@7-8 (MAX) has two DPCs. The

DPC receives ARINC 429 digital data and analog discrete from various aircraft
systems. The aircraft systems send sets of data to DPC 1 and DPC 2. The DPCs
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processes these data to be displayed on the Display Units (DU) lea#tedthe
flight deck

CONTROL ————————»
PANELS [

AIRPLANE ————————
SYSTEMS

REMOTE LIGHT
SENSOR

T
— REMOTE LIGHT
) - | SENSOR

>
CONTROL ————————————
PANELS
AIRPLANE ———»| §

SYSTEMS
DPC2

Figure 2: MAX Display System

In the event of certain system failures, the ADIRU output data provided to other
systems, including the DPC, may become invalid (No Computed Data (NCD) or
Failure Warning (FW)In response, DPC and the Primary Flight Display (PFD) will
show a flag on the particular parameter (ALT, SPD, A@fEt,) with amber color

and the particular parameter will rfeg¢ shown in the PED

The ALT and/or SPD flags will appear on the PFD if thé@we and/or computed
airspeed data from the ADIRU is invalid. The respective altitude and/or computed
airspeed data will not be shown on the PFD. The parameter flags that appear on the
PFD are shown in the figure below.

ARM

111.10/247°
OME —--
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Figure 3: Instrument SPD and ALT flags appear on PFD
SPD Flag (amber) means the computed airspeed indication is inoperative
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In the DFDR, therés no discrete parameter indicating that the SPD flag is being
displayed. However, if either the DFDR parameteraphputed airspeed (CAS) left

or right shows the characteristic fAsaw
status which can be concluded that the SPD flag is being displayed on Captain or
First Officer PFD.

ALT Flag (amber) means the altitude digplaas failed.In the DFDR, there is no
discrete parameter indicating that the ALT flag is being displayed. However, the
DFDR records four parameters of barometric altitude on each altimeter. If these
altitudes are marked by the ADIRU as invalid, the DFBRor ds a fAsaw
error pattern from which it can be concluded that the ALT flag is being displayed
on captaid er F O &°BD.

BothDPCsc ompare each otherds data and in t
certain values for a certain period of tinlee corresponding disagree message will
be displayed on both PFDs.

1. IAS disagree lodicated Aispeed disagree) message appears if the airspeed
indications on both PFDs different by more than 5 knots for more than 5
seonds.

2. ALT disagree (altitude idagree) message appears if the altitude indication on
both PFDs different by more than 200 feet for more than 5 seconds.

@ Airspeed Disagree Alert (amber) @D Altitude Disagree Alert (amber)
Figure 4: IAS and ALT Disagreemessages on the PFD
Airspeed Low Alert

The AIRSPEED LOW annunciation alefflight crew for low air speed. The alert is
an aircraft opmtional alert that is calculated by the Enhance Ground Proximity
Warning System (EGPWS) and the MAX Display t&ys (MDS) which occurs
when the computed airspeed (from thBIRU) falls below a hreshold airspeed
between the minimum maneuver speed and stick shaker. speed

The aural coincides with the low airspeed alert on the airspeed indication. The
minimum maneuver speed is indied by amber bar on the PFD with the first flap
retraction after tieeoff or when valid Vref is entered.
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@®» Minimum Maneuver Speed (amber)
@3» Minimum Speed (red and black)

Figure 5: Minimum Maneuver Speed indication in the PFD

Top of amber baindicates minimum m@euver speed. This airspeed provides:

1 The 1.3g maneuver capability to stick shaker below agpnately 20,000
fed.

1 The 1.3g maneuver capability to low speed buffet (or an alternative approved
maneuver capability set in the FMC maintenance pages) above approximately
20,000 ft.

The minimum speed indicated in red and black (barber pole). Topr afidheates
the speed at which stick shaker occurs.

Maximum Operating Speed (MMO or VMO):

Boeing 7378 (MAX) presented the Maximum Operating Speed (Maximum Mach
Operating Speed (Mmo) or Maximum Operating Speed (Vmo)) in the red and black
(barber pole) waning bands and Maximum Maneuver Speed presented in amber
bar on top of speed tape indication ba PFD as shown in the figure below.
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@®» Maximum Operating Speed (red and black)
@P» Maximum Maneuver Speed/High Speed Buffet (amber)

Figure 6: Maximum Operating Speed and MaximumManeuver Speed
Indication

The bottom of théarber pole bar indicateseémaximum speed as limited by the
lowest of the following:

T  Vmo/Mmo
1 Landing gear lacard speed
1 Flap placard speed
When either an ovespeed ondition or a system test occurs, a clacker aural warning

will active. The warning lackers can be silenced only by reducing airspeed below
Vmo/Mmo. The oveispeed warningystem can only be tested on the ground.

1.6.5.2 Angle of Attack (AOA) Sensors
The Boeing 738 (MAX) has two independent angtd-attack (AOA) sensors, one
on each side of thimrward fuselage. The AOA sensors consist of an external vane

which rotates to align with the local airflow connected to two internal resolvers
which independently measure the rotation angle.
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AOA SENSOR
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Figure 7: Angle of Attack (AOA) Sensor

The AOA sensor used on tB®eing 7378 (MAX)-8 is made by Collins Aerospace
(previously Rosemount Aerospace).

For each AOA sensor (left and right), one resolis cainected to the respective
Stall Management Yaw Damper (SMYD) computer and the secesalver is
connected the respective ADIRU. (see figure 12 for AOA sensor signal output).
Both the SMYD and ADIRU monitor the resolver circuits within the AOA sensor.
If a fault is detected, the AOA resolver information is not used and the fault is
annunciated.

There is no scheduled maintenance for AOA sensors. Any required maintenance is
a consequence of annunciated faults or observed malfunctions. This practice is
knovn as ofman ti ond maintenance.

AOA Display Option
Boeing provides the option foine operator to install the AOA indicator on the PFD
for Boeing 7378 (MAX). The respective PFD will show the AOA information as
shown in the figure below.

122.95 (r\

]

T AN

11065 00: 00

15: 362 02NOV 11  00:00

Angle of Attack

indicator

Figure 8: AOA Indicator on PFD
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As shownin figure9t he A AOA DI SsadgeREp&acs omtlaptain and
First Officer PFD when the values of the left and right AOA transmitted by the
ADIRUs differ by 10 or more for 10 continuous seconds. The annunciation is only
displayed in the air because AOA values are unreliable whenaircraft is
stationary on the ground.

BARO
4750
AOA
DISAGREE

AOA Disagree Alert (amber)

Figure 9: AOA Disagree message on the PFD

The AOA DISAGREEmMessagevas first implemented on the Bag 737 NG fleet
in 2006 in response to customer requests. Since 2006, the AOA DISAGRIEE
has been instalte on all newly manufactured Bawgy 737 NG aircraft, and is
available as a retrofit for older aircraft.

The AOA DISAGREE alert has not been considered as a safety feature by Boeing,
and is not necessary to safely operate the aircAafspeed, attitude, altitude,
vertical speed, heading and engine thrust settings are the primary parameters the
flight crews use to safely operate the aircraft in normal flight. Stick shaker and the
pitch limit indicator are the primary features usedtfer operation of the airaft at
elevated angles of attack. The AOA DISAGREE alert provides supplemental
information only. The AOA DISAGREE nenormal procedure alerts pilots to the
possibility of airspeed and altitude errors, and of the IAS DISAGREE drnd A
DISAGREE alerts occurring; buhe nonanormal procedure does not include any
flight crew action in response to the AOA DISAGREE alert.

The requirements for the AOA DISAGREE alert were carried over frorBdleeng

737 NG to the Boeing 738 (MAX). In 2017, however, within several months after
beginning Boeing 737 (MAX) deliveries, Boeing identified that the Boeing 787
(MAX) display system software did not correctly implement the AOA DISAGREE
alert requirements. As with the Boeing 737 NG, the Boaiigplay system
requirements for the Boeing 787 (MAX) called for the activation of the AOA
DISAGREE alert as a standard feature on all aircraft. The software delivered to
Boeing, however, linked the AOA DISAGREE alert to the AOA position indicator,
which is an optional feature on the Boeing 737 (MAX) series. Accordingly, the
software activated the AOA DISAGREE alert only if an airline opted for the AOA
indicator. At the time of the accident, Boeing advised that the AOA indicator has
been selected by appiaxately 20% of airlines.
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When the discrepancy between the AOA display requirements and the software was
identified, Boeing determined that the absence of the AOA DISAGREE alert did
not adversely impact aircraft safety or operation. Accordingly, Boeingluted

that the existing functionality was acceptable until the originally intended
functionality could be implemented in a display system software upgrade,
scheduled for the third quarter of 2020.

Lion Air did not select the optional AOA indicator fee¢won the PFD of their 737
8 (MAX) aircraft. As a result, the AOA DISAGREE did not appear onlLE}
aircraft, even though the necessary conditions were met

Following the Lion Air accident, Boeing convened a Safety Review Board (SRB) to
reconsider whethethe absence of the AOA DISAGREE alert from certain Boeing
737-8 (MAX) flight displays presented a safety issue. That SRB confirmed
Boeingds prior conclusion that it di d
software change. Boeing advised that nenftware implementing the AOA
DISAGREE alert will be available before tiB®eing 737-8 (MAX) aircraft return

to service.

All customers with previously deliverdgbeing 7378 (MAX) aircraft will have the
ability to activate théAOA DISAGREEalert per a serge bulletin to airlines.

1.6.5.3 Horizontal Stabilizer

Pitch control for the Boeing 733 (MAX), is provided by two elevators and a
movable horizontal stabilizer

The Horiontal Stabilizer consists @ left, right, and center section. It pivots at a
hinge pointlocated at the aft end of the center section. The stabilizer moves to a
maximum of 4.2 degrees leadiedge up and 12.9 degrees leadtugye down
(Figurel?2).

ELEVATOR
(2 LOCATIONS)

stabilizer [ | e elevator
iwh [\ @ T :
p N ¥ T | piteh

LATERAL 10, N ioRZONTAL trum
AxS < A RN STABILIZER control

s
// PITCH
s
Figure 10: Horizontal Stabilizer movement

The total range of thélorizontal Stabilizer movement is 17.1 degrees (or units)
which is depicted on the scale on the stabilizer tridicator located on the center
pedestal in the cockpit. When the stabilizer trim indicator is at the 0 position, the
Horizontal Stabilize is at the full leadinggdge up position. This will mean the
aircraft is trimmedn a full nosedown positionWhen the horizontal stabilizer is at

a position of O degrees relative to taecraft centerline, the stabilizer trim will
indicate 4 units (Figre 11).
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Figure 11: The stabilizer trim indicator

The Horizontal Stabilizer pivots through about 17 degrees and the position is shown
on the flight deck stabilizer trim indicator. Wwer values indicate more nedewn

trim and high values indicate more nagetrim. Before takeoff, the flight crew set

the position of the horizontal stabil i :z
of gravity.

The horizontal stabilizer is posihed by a single electric trim motor conteall
through either the main electric trim switches on the control wheels or aidomat
trim. The stabilizer may ab be positioned by manually ating the stabilizer trim
wheels which are located on either smfeghe aisle stand.

CONTROL STAND

;1

STAB TRIM
STAB TRIM
3 B/

OVRD

= "t 4

NORM
v

CONTROL WHEEL CONTROL STAND AFT
ELECTRONIC
PANEL
LEFT
FORWARD
PANEL

Figure 12 Stabilizer control

Main electric trim switches on each control wheel actuate the electric trim motor
through the main electric stabilizer trim circuit when the aircraft is flown manually.
Automati trim is accomplished through the autopilot stabilisémn circuit. The
main electric and autopilot stabilizer trim have two rates: high trim rate with flaps
extendedand low trim rate with flaps retracted. Actuating either pair of main
electric trim swiches will automatically disengage the autopilot (if engaged), and
will override any automatic trim commands. The stabilizer trim wheelate
whenever the stabilizés in motion.
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The STAB TRIM PRI (stabilizer trim primary) cutout switch and the STABMRI

B/U (stabilizer trim back up) cutout switch are located next to each other on the
aisle stad just aft of the thrust levers. If either switch is positioned to CUTOUT,
power is removed from the stabilizer trim motor and neither main electric trim nor
autamatic trim can move the stabilizer.

The stabilizer control system prevents the stabilizer from moving in opposition to
the control column. For example, if the column is being pulled aft (to pitch up), the
stabilizer is prevented from trimming in the nak®vn dire¢ion. The addition of
MCAS to theBoeing 7378 (MAX) required a modification of this functidnsee
section 16.5.4for more details.

Fed Differential Pressure

The elerator feel computer provides simulated aerodynamic forces on the control
column using total pressure from twodigated pitot probes mounted on the vertical
stabilizer and stabilizer position. Feel force is transmittedegatimtrol columns by

the elevator feel and centering unthus column forces are adjusted relative to the
airspeed. Elevator Feel Shift (EFS) modifies the column forces at high asfgles
attack.

The FEEL DIFF PRESS lightFeel Differential Pressure)n the overhead panel
will illuminate if EFS operates continuously for more than 30 seconds. The FEEL
DIFF PRESSlight is not recorded on the DFDR, but will result in activation of
Master Caution which is recorded on the DFDR.

Speed Trim System (STS)

The Speed Trim System (STS) provides speed stalailitynentation and pitch
stability augmentation. Speed stabiilygmentation is provided by the Speed Trim
Function. Pitch stability augmentation is praaddby the MCAS function.

The Speed Trim Function is designed to improve flight characteristics during
operations at low gross weight, aft center of gravity andh tigust when the
aubpilot is not engaged. The Speed Trim Function operates most frequently during
takeoff, climb andgo-around. The flight directors may be on or off.

The Speed Trim Function helps keeps the speed set by the pilots with commands to
the lorizontal stabilizer. As the aircraft speed slows, the stabilizer is moved to a
more nose down position to increase tmgeed. As the speed increases, the
stabilizer is moved to a more nose up position to decrease the speed.

1.6.5.4 MCAS Functionali Detailed Desciption

The MCAS is a function within the Speed Trim System and, whewaded, moves

the stabilizer during nenormal flaps up, high angle of attack maneuvers to provide
a desirable increase in stick force gradient and a egtpitch up tendency. Simila

to the Speed Trim Function, the MCAS function is also a flight cbritn
contained within each of the two FCCs. MCAS is only active in the master FCC for
that flight. Ataircraftpowerup, the master FCC defaults to the left side FCC; and
will then alernate between the left and right FCC by flight. The master FCC is not
affected by the position of the Flight Director switches. The FCCs receive inputs
from several systems including the air data inertial reference system (ADIRS).
Specific to the MCAS,he control law commands the stabilizer trim as a function of
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thefollowing: Air/Ground, Flap position, Angle of attack, Pitch rate, True Airspeed
and Mach(Figure B).

737 MAX MCAS

Control Stand Yoke

Overview Elecic

Manual Stabilizer \ -
Trim Whe f
W g
Stabilizer
Trim Motor

Control Column

&

Flight Control Pitot Probe AOA Sensor (FO)
Computer (FCC) " Air Data Inertia

Reference Unit (ADIRU)

Figure 13: MCAS System configuration

~

The AOA and Mach inputare provided to each FCC by the associated Air Data
Inertial ReferencdJnit (ADIRU). Each ADIRU receives AOA information from

one of the two resolvers contained within the associated AOA sensor (i.e. the Left
ADIRU uses left AOA vane and the Right ADIRUkes the right AOA vane).
Information from the other resolver containeihin the AOA sensor, along with
data from other sources, is provided to thell S¥¥anagement Yaw Damper
compuer (SMYD), which is used, along with data from other sources, for the
purpose of calculating and sending commands to the Stall Warning Sy®tE8) (

As originally delivered, the MCAS became active during manual, -llgpfiight
(autopilot not engaged) when the AOA value received by the master FCC exceeded
a threshtd based orMach number. When activated, the MCAS provided a high
rate automatic trim command to move the stabilizer AND. The magnitude of the
AND command was based on the AOA and the Mach. After thenoomal
maneuver that reseltl in the high AOA, and once the AOKII below a reset
threshold, MCAS would move the stabilizer ANU to the original position and reset
the system. At any time, the stabilizer inputs could be stopped or reversed by the
pilots using their yokenounted eleitic stabilizer trim switches, whichlso reset

the system after a 5 second delay.

The latter behavior is based on the assumption that flight crews use the trim
switches to completely return the aircraft to neutral trim. In the FCC software
version currentt the time of the accident, if tlogiginal elevated AOA condition
persists for more thah seconds following an MCAS flight control law reset, the
MCAS flight control law will command another stabilizer nose down trim input
(with the magnitude based on the AOA and Mach sensed at that time)

On all Boeing 737 models, column cutout switches interrupt stabilizer commands,
either from the autflight system (e.g. FCC) or the electric trim switches in a
direction opposite to elevator command. On Bueing 737NG andBoeing 737
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MAX, two column atout switching modules, one for each control column, are
actuated when the control columns are pushed or pulled away from zero (hands off)
column position. When actuated, the column cutout switching modules interrupt the
electrical signalgo the stabilier trim motor that are in opposition to the elevator
command.

The MCAS function requires the stabilizer to move nose down in opposition to the
column commands when approaching high angles of attack. To accommodate
MCAS, the column cutout fugtion in the fis t of ficerds switch
modified to inhibit the aft column cutout switch while MCAS is active, allowing
aircraft nosedown (AND) stabilizer motion with aircraft nosg (ANU) column

input. Once MCAS is no longer activénet normal column cutodunction in the
stabilizer nose down direction is-irestated.

1.6.5.5 Autopilot System and Flight Director (F/D)
(F/D) Autopilot Engagement Criteria

The Boeing737-8 (MAX) Auto Flight Director System (AFDS) is a dual system
consisting of two individual FCC andsagle mode control panel.

The autopilot (A/P) functionality is provided by the FCC. The A/P for captain side
is controlled by the FCC A and the A/P for first officer side is controlled by the
FCC B.

Each A/P can be engaged by pushing a separate CMD @ufhrangage switch.
A/P engagement is mbited unless the following flight créwontrolled conditions
are met:

A No force or very low force is being applied to the control wheel

A The STAB TRIM cut out switches is at NORMAL.

A Neither pilot main electric trilwitches is activated.

A The Mode Control Panel (MCP) disengage bar is notatet.

Except during approach, only one A/P can be engaged at a given time.
Autopilot Disengagement

During single channel operation, A/P automatically disengages when any of the
following crew-controlled conditions occurs:

A Pushing either A/P disengage switch,

A Column or wheel force override,

A Pushing either Takeoff/Garound (TO/GA) switch:

- With flaps not up or,

- Glide Slope (G/S) engaged,

Pushing an illuminated A/P ENGAGE switch,

Pusiing the A/P DISENGAGE bar down,

Activating either flight cew control main electric trim switch,
Moving either STAB TRIM cutout switch to CUTOUT.

To o To I
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Flight Director (F/D)

Flight Director (F/D) provides aircraft attitude guidance requires for the flight crew
to obtain seleed targets, such as altitude, speed, heading etc. Thiuk¢onality
is provided by the FCC.

Left and right F/D switches activate command bars on the captain and first officer
primary flight displays respeagtly.

The F/D takeoff modes engaged by pushing the Takeoff/Go around (TO/GA)
switches on either thrust lever. The Flight Mode Annurama(FMA) displays F/D
as the A/P status, TO/GA as the pitch mode, and HDG SEL as the roll mode.

The amber Pitch Limit Indicator (PLI) indicatdsetattitude at which stick shaker
activation will occur for the existing flight conditions. The PLI is a function of the
SMYD which uses AOA as an input.

@& Pitch Limit Indication (amber)
@ Flight Director Bar (magenta)
Figure 14: The F/D and PLI display on the PFD

1.6.5.6 Auto-throttle (A/T) System

The A/T system provides automatic thrust control from the start of takeoff through
climb, cruise, descent, approach andagound or landing.

The autethrottle (A/T) system controls engine thrust in response to the mode
selected by the flight crewhrough the Digital Fight Control System (DFCS),
Mode Control Panel (MCP), Flight Management Computer (FMC) and ADIRU.
The speed information taken from the ADIRU &ed to calculate throttle lever rate
commands to set engine thrust during changing fligbhditions. All the
information is processed by FCC A, which provide commands to the thrust lever
servo motors controlling thrust lever movement.
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1.6.5.7

The flight crew may move the A/T switch to ARM. Arming the A/T is preparing the
system to engage either o thl, MCP SPD, or FMC SPD mode.

For each flight phase the flight crew can select the A/T N1 or speed modes from the
MCP or directed by the FMC.

During takeoff, pushing TO/GA switch engages the A/T in N1 mode and causes the
engine thrusto increase to thiakeoff (TO) N1.

Throttle Hold (THR HLD) Mode

The throttle hold mode is automatic and the A/T goes into THR HLD mode during
the takeoff ground roll. In this mode, the A/T removes power to thethtdtile
Servo Motor (ASMs) to prevent the A/T from mogithe thrust levers during the
takeoff roll and initial climb out. The A/T uses two separate functions to remove
power from the ASMs. One is a software function and the other is a hardware
function. When both throttlaold functions agree and remove powethe servos,

the A/T mode shows THR HLD on the FMA.

THR HLD mode starts when airspeed is > 84 knots CAS, and ends when barometric
altitude is more than 800 feet above field elevation and at least 10 seconds has
elapsed since |Hoff.

During takeoff the A/T will remain engaged if both left and right altitude and
airspeed data are valid from the ADIRU.

Stall Warning System

Natural stall warning (buffet) usually occurs at a speed prior to stall. In some
configurations the margin between stall and natstall warning is less than
desired. Therefore, an artificial stall warning device, a stick shaker, is used to
provide the required warning.

Each control column has an eccentric weight motor which can vibrate the column to
alert the pilots before a stall wiops. The system is armed in flight at all times.
The system is deactivated on the ground, except during the ground test.

Two independent, identical SMYD computers determine when stall warning is
required based upon:

1 Alpha vane angle of attack outputs
ADIRU outputs

AntiTice controls

Wing configurations

Air/ground sensing

Thrust

1T FEMC outputs.

The AOA sensor is connected to the SMYD and provides the measured angle of the
direction of airflow relative to the fuselage. If the AOA sensor detects an excessive
argle of attack compareatthe design characteristic of the Boeing -B3{MAX),

the SMYD will activate the stick shaker to provide aural and tactile alert to the
flight crew.

= =2 =4 4
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Two SMYD computers provides output for stall warning to include stick shaker,
Pitch Limit Indicator, and maneuver and operating airspeed limit. The No.1 SMYD
activates the Captain stick shaker, and the No. 2 activates the F/O stick shaker.
Vibrations from either stick shaker can be felt in both columns through the
mechanical column ietconnect.

1.6.5.8 AUTO BRAKE DISARM Amber Light

The AUTO BRAKE DISARM amber light shows that there is a disarm condition in
the autobrake system.

The AUTO BRAKE DISARM amber light comes on when flight crew selects
autobrakes and any of these conditions nccu

1 Malfunction in the autobrake system
1 Malfunction in the antiskid system
1 Autobrake system is manually disarmed.
To reset the auto brake disarm relay, move the AUTO BRAKE select switch to the

OFF position. This will turn the amber AUTO BRAKE DISARM lighif vhen the
autobrake system is disarmed.

For takeoff, the AUTO RAKE select switch is set to RTO. If tlaércrafttouches
down with the switch still in the RTO position, the autobrake system will disarm
and the AUTO BRAKE DISARM light will illuminate

AUTO BRAKE

RTO —
ANTISKID

—_— -

FORWARD AISLE STAND

@D AUTO BRAKE DISARM Light
Figure 15: Auto Brake Selector and Auto Brake Disarm Light
1.6.5.9 Take Off Configuration Warning Light

Takeoff configuration warningsi armed when the aircraft is on the ground and
either forward thrust lever is advanced for tdkedhe Takeoff configuration
warning activates if the aircraft is not correctly configured for takeoff. One such
condition is that that the leading edge desiaee not in the normal takeoff position.

53



An intermittent warning horn sounds and the TAKEOFF CONRI&ning light
illuminates when the takeoff configuration warning activates.

@ Takeoff Configuration Warning Light

Figure 16: Take off Configuration Warning Light

1.6.5.10 Enhanced Ground Proximity Warning System (EGPWS): Bank Angle Alert

The Enhanced Ground Proximity Wangi System (EGPWS) provides the aural
alert BANK ANGLE, BANK ANGLE when excessive roll of the aircraft occurs.

The alert is bagkon radio altitude and bank angle:

1 From 5 feet to 30 feet AGL, the alert sounds when the bank angle exceeds 10
degrees

1 From 30feet to 130 feet AGL, when the alert sound varies linearly from a bank
angle of 10 degrees at 30 feet AGL, to a bank angle of 35 degrees at 130 feet
AGL

1 Above 130 feet AGL, the alert sounds when the bank angle exceedsrdbsdeg
1.6.5.11 Air Traffic Controller (AT C) Transponder

The Boeing 738 (MAX) is equipped with two ATC transponders controlled by a
single control panel. The aircraft ATC transponder system transmits a coded radio
signal when interrogated by an ATC ground station. Altitude reporting capability i
provided.

The aircraft ATC transponder replies to ATC ground station as follows:
1 The Mode A refy contains the aircraft identity code.
1 The Mode C reply contains the aircraft altitude.

1 The mode S replies contain a unique-k4 aircraft address, identitgode,
altitude information, and Traffic Alert and Collision Avoidance System (TCAS)
information.

The ALT SOURCE @ltitude source) switch has two selection positions. The
selection 1 enablealtitude reporting from Air Data Computer (ADC) number 1
while theselection 2 is from thADC number 2
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1.6.6

Transponders may also transmit Automatic Dependent SurveHBumoaglcast
(ADS-B) data which is downlinked to ATC and can be used for aircraft tracking

The ATC radarsystemreceivesaircraft altitude data transmitteldy the aircrafd s
selectedranspondemodeand the ATC radar system displayed the ground speed
based on the aircraft movement calculation on the radar system.

Boeing 7378 (MAX) Fault Handling System

The Boeing 738 (MAX) is equipped with the Maintena@@wareness System
(MAS) that provides the information directly related to airworthiness and system
information. The system includes the MAINT light (amber color) on the overhead
panel, stored fault information which can be accessed from the-Muittion
Display (MFD) control on the pedestal.

The amber MAINT light on the overhead panel illuminates for any system fault that
has an effect on aircraft airworthiness. When ligat illuminates the engineer
should access Onboard Maintenance Function (OMF)eterrdine the necessary
maintenance actions

The typical OMF page is shown in tf@lowing figure.
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SHOW
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Figure 17: Typical OMF display

The OMF will provide the guidance to the engineer for fault ismhatand
rectification using théollowing manuals:

Interactive Fault Isolation Manual (IFIM)
Aircraft Maintenance Maual (AMM)

Systen Schematic Manual (SSM)

Wiring Diagram Manual (WDM)

Standard Wiring Practices Manual (SWPM).

= =4 4 -4 4
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Figure 18 Boeing 73-8 (MAX) trouble shooting concept

To conduct troubldsoting, can use the Interactive Fault Isolation Manual (IFIM)
provides a searchable database to quickly isolate the cause aireaatifault.

The IFIM searchable pages show the IFIM task which guided thenesmrgb
conduct the fault isolation and the engineer should perform the rectification by
following the tasks which may include:

I The task that should performed; or

1 Directed to AMM taskor

1 Ordered to check the correlated maintenance message on theoOMF
1 Conduct the ground test utilizing the OMF.

The IFIM task or AMM task may include the procedure for testing the system after
rectification of the fault. After rectification, if the associated OMF maintenance
message is found to be NOT ACTIVE, thblem isconsidered to be solved, and
if the associated OMF maintenance message is ACTIVE, the problem still exists.

In some circumstanceeperatormay elect to defer maintenance. The situations in
which it is permissible to dispatch aarcraft with an existingfault and the
necessary modifications to maintenance and operational procedures are found in the
Minimum Equipment List (MEL). If allowed by the MEL, the engineer may
dispatch the aircraft with the fault status still in ACTIVE.

MAINT light on the overheadpanel (P5) will extinguish. The LATCHED
MESSAGE ERASE and the MAINT LIGHT page are shown in fokowing
figure.

56



16.6.1

_— STATUS HAINT MATNT INED.
SYS NEWJ OATA PGS CTRL PGS HAINT

AIRPLANE CONFIE DATA (ACD)
HISC SYSTEM CTRLS (HSC)
LATCHED MESSAGE ERASE

HAINT LIGHT

BOCK PIGE | PRINT PME | iy

Figure 19: Maintenance Control Page in the OMF
IAS Flag Fault Isolation and Rectification Proedure

The IAS Flagis an airspeed indicator fault that was displayed in the PFD. In the
chapter Observed Faul't of the FRM refe
bl anko or fASPD fadteodetmsdiowsat define t he

Airspeed display is blank

—CcapPt @i NO.S. 343612
-first officeros

PFD

SPDflag shows

-captai NOS. . o e e o 2.....341301 31

-first of ficer 6s

If the flight crew did not enter the fault code or omgntion the fault description in

the aircraft flight and maintenance log, the engineer should search the symptom on
the OMF that will shows the related faulty component and its maintenance message.
Refer to the maintenance message from the OMF, the engieaeh in the IFIM

that will show the IFIM task number.

Without the OMF mairgnance message, the engineer may search the symptom in
the I FI M. The search iang ot hseh olwsl M sr effoelrls

FAULTS

292 found: text contains any word inAd flag»
MAINTENANCE MESSAGES

227 found: text contains any word in «IAS flag»

TASKS
295 found step contains any word in «IAS flag»
The search in the | FI'M refers to the fa
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FAULTS

2 found: text starts with «Airspeéisplay is blank»

502 found: text contains any word in «Airspeed display is blank»
MAINTENANCE MESSAGES

2120 found: text contains any word in «Airspeed display is blank»
TASKS

2 found: step contains «Airspeed display is blank»

2930 foundstep contains gy word in «Airspeed display is blank»

The search in the I FIM refers to the
FAULTS
283 found: text contains any word in «airspeed flag»
MAINTENANCE MESSAGES
10 found: text contains any word in «airspeed flag»
TASKS
96 fourd: step contains any word in «airspeed flag»
9 found: steontains all words in «airspeed flag» (in any order)

The search in the I'FIM refers to the
FAULTS
2 found: text starts with «spd flag»
13 found: text contains «spd flag»
280 found: text contains any word in «spd flag»
19 found: text contains all words in «spd flag» (in any order)
MAINTENANCE MESSAGES
3 found: text contains any word in «spd flag»
TASKS
9 found: step contains «spd flag»
113 found: step contains any word«spd flag»
11 found:step contains all words in «spd flag» (in any order)
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1.6.6.2

1.6.6.3

I f the engineer directly enters the f au
i's blanko), the T FI' M wildl d i63-06-8106803% s ho
(Airspeed Dispay Is Blank (Captain's) Fault Isolation). If the engineer directly
enters the fault code of 341 301 31 (f
shows the IFIM task numb@&1-98-00-810-803 which is longer than IFIM task 31
63-00-810-803 and requesteengineer to do more in the OMF menu to find the
correlated maintenance message.

The IFIM task number 363-00-810-803 directs the engineer to:
A Conduct a selfest of the ADIRU and correct any resulting faults.
A Check in the OMF for related faults acofrect any found.

ALT Flag Fault Isolation and Rectification Procedure

The ALT Flag is an altitude indicator fault that was displayed in the PFD. In the
chapter Observed Fault ofetfFrRM the fault code of ALT Flag is as follows:
PFD

A ALT flag shows
-capt ai ndés . . . . . . e w. . 2342.302.31 .
-first officerds . e e imie......342 302 32
Without the OMF maintenance ssage, the engineer may search the symptom in

the IFIM. The search for the ALT flag on the IFIM shows as follows:
FAULTS

2 found: text starts with «ALT flag»
19 found: text contains «ALTag»
309 found: text contains any word in «ALT flag»
21 found: textontains all words in «ALT flag» (in any order)
MAINTENANCE MESSAGES
127 found: text contains any word in «ALT flag»
TASKS
8 found: step contains «ALT flag»
329 found: step contains any word in «ALT flag»
If the engineer directly enters the fault code 42 302 31 the IFIM will directly

shows the IFIM task number 28-00-810-803 which directs the engineter check
in the OMF for related faults, and correct any found.

The rectification of the problem ALT flag is depending on the maintenance message
as show on the OMF.

IAS Disagree Fault Isolation and Rectification Procedure

The IAS Disagree was displayed in the PFD if there is disagreement of speed
indicator between the captain and first offidesplay. In the chapter Observed Fault

of the FRM the faulcode of IAS Disagree is define as SPEED DISAGREE or SPD
DISAGREE with the fault code as follows:
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PFD
A L SPEED DI SAGREE shows
-captainods

-firsts.of.fi.cer.0...... . . . . . . .. ... 341 302 32

SPEED DISAGREE shows on PFD
-captai NO.S.. et e ... 341302 31
- first officerd s

Without the OMF maintenance message, the engineer may search the symptom in
the I FIM. The search for the Al AS Disag

FAULTS

94 found: text contains any word in «IAS Disagree»
MAINTENANCE MESSAGES

256 found: text contains any word in «IAS Disagree»
TASKS

2 found: step contains «IAS Disagree»

737 found: stegontains any word in «IAS Disagree»

The sear ch f or oonthelFIM shpws asdollovs: s agr e e
FAULTS
2 found: text starts with «speed disagree»
6 found: text contains «speed disagree»
100 found: text contains any word in «speed disagree»
MAINTENANCE MESSAGES
157 found: text contains any word in «speed disagree»
TASKS
2 found: step contains «speed disagree»
746 found: step contains any word in «speed disagree»
27 found: step contairall words in «speed disagree» (in any order)
The search for the fispd di sagreedo on
FAULTS
101 found: text contas any word in «spd disagree»
MAINTENANCE MESSAGES
32 found: text contains any word in «spd disagree»
TASKS
571 found step contains any word in «spd disagree»

If the engineer direbtt enters the fault code of 341 302 31 the IFIM will directly
show the 1M task number 34.0-00-810-801 which directs the engineer to:

A Check OMF for related faults and correct any found
A Replace/repair the following components, in order of likelihood:
0 Replace lower left pitot probe
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0 Repair aircraft wiring

0 Replace lefpitot air data module

0 Replace left static air data module
0 Replace left AOA sensor

0 Replace left ADIRU

The replacement of the AOA as mentioned above related to the visual inspection of
the AOA unit. In this IFIM task did not mention the measuremeAt@A value in the
SMYD.

1.6.6.4

ALT Disagree Fault Isolation and Rectification Procedure

The ALT Disagree was displayed in the PFD if there is disagreement of altitude
indicator between the captain and first offidesplay. In the chapter Observed Fault

of the FRM the fault code of ALT Disagree is define as ALT DISAGREE with the
fault code as follows:

ALT DISAGREE shows on PFD
-captainbés. . . . . . . .
-first of ficeros.............34230132

PFD
A ALT DI SAGREE shows

-captainds
-first officerds

Entering te ALT DISAGREE into the IFIM resulted in the fault isolation as follows:

FAULTS

2 found: text starts with «ALT DISAGREE»

6 found: text contains «ALT DISAGREE»

125 found: text contains any word in «<ALT DISAZER

7 found: text contains all words in «<ALT DISREE> (in any order)
MAINTENANCE MESSAGES

1 found text contains «ALT DISAGREE»

157 found: text contains any word in «ALT DISAGREE»
TASKS

3 found: step contains «ALT DISAGREE»

765 found: step contains any word in «<ALT DISAGREE»

6 found step contains all wrds in «</ALT DISAGREE» (in any order)

Selecting the two FAULT tasks in the IFIM will show the same fault codes (342
301 31 and 342 301 32) which consistent to the FRM.

Selecting the TASK item in the IFIM will shows the three IFIM tasks where two
tasks areelevant with the ALT DISAGREE which are IFIMslanumber 3€0-00-
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1.6.6.5

1.6.6.6

810801 (ALT DISAGREE Shows on PFD (Captain's)) and-28400-810-802
(ALT DISAGREE Showson PFD (First Officer's)).

Selecting the IFIM task 320-00-810-801 describe the fault isolation rféALT
DISAGREE Shows on PFD (Captési) which directs the engineer to conduct the
same steps as listed above

The replacement of the AOA as mentioned above related to the visual inspection of
the AOA unit. In this IFIM task did not mention the measurenoé@OA value in
the SMYD.

Angle of Attack failure

According to the Boeing 738 (MAX) lllustrated Part Catalogue (IPC), the
installed Angle of Attack sensor part number is 0861FL1. Refer to the Fault
Reporting Manual (FRM) the fault related to the AOA gat&zed as Observed
Fault with the fault codes are as follows:

AOA DISAGREE shows on PFD

-captainds . . . . . . .
-first officer.B.s.......ciiimimiia.....342303.32 .
AOA flag shows on PFD

-captainods . .
-first officerds.....cieiiiniuiiiin ...34230432
Entering those fault codeinto IFIM will lead to IFIM task 3198-00-810-803
(Standard Procedure for Observe Fault with Correlated Maintenance MeSdae)
IFIM task congin the correlated OMF maintenance messag2BAR3(AO0A signal

is out of range which lead to the IFIM task 321-00-810-828 (Angle of Attack
Signal out of Rangeyhich can besummaizedas follows:

A Repair/Replace Bad Components for Left Amflattack Snsor
A Repair Wiring(section 1)
A Replace ADIRU LEFT EXC Circuit Breaker
A Repair Wiring(section 2)
A Repair Wiring(section 3)
A Replace Left Anglef Attack Sensor
A Replace Left Air Data/Inertial Reference Unit
The initial evaluation of thé&IM task 34-21-00-810-828 requires he test of AOA

sensor refering to the AMM TASK 3421-05400801 which contais
measurement of tr®OA vaneangle value via SMYD.

AOA Disagree Fault Isolation and Rectification Procedure

AOA DISAGREE message will appear in amber cabm the captain and first
officer PFD if the left andight AOA sensor values disagree by more than 10
degrees for more than 10 seconds.

The FRM stated that the AOA DISAGREE fault is an observed fault where the
problem symptoms can be sensed by the flaghtv or the maintenance crew. The
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fault codes ofAOA DISAGREE which defined in the FRM (in chapter Observed
Fault) are as follows:

AOA DISAGREE shows on PFD

-captainéds. . . . . . . . c.w..34230331
-first of.fili.cer.0.8. . e 342 303 32
PFD

AAOA DISAGREE shows

-captainds . : : : : : e ... 342.303.31 .

-first of ficer 6s

Entering the fault code of 342 303 31 or 342 303 32 for AOA DISAGREE into the
IFIM will show the FIM task number 34€20-00-810-803 or 3420-00-810-804 with

the task title of AOA DISAGREE shows on captain or first officer PFD
respectively.The detail task is check ihe¢ OMF for related faults and correct any
found.

If the flight crew did not enter thiault code and only mention AOA DISAGREE,

the engineer should search the symptom on the OMF which might show any
maintenance message related with AOA DISAGREE. Entering the AOA
DISAGREE into the IFIM without the fault code will shows the following
statemets.

FAULTS

2 found: text starts with «<AOA DISAGREE»

6 found: text contains «<AOA DISAGREE»

88 found: text contains any word in «<AOA DIFREE»
MAINTENANCE MESSAGES

47 found: text contains any word in «<AOA DISAGREE»
TASKS

2 found: step contains «AOA DISAGREE»

531 found: step contains any word in «<AOA DISEGR

Selecting the two faults on the top row of the list will show the fault code 342 303
31 and 342 303 32 which consistent with the fault code stated in the FRM.

Selecting the 47 maintenance messages shidws the maintenance message
containing text AAOAO and/ or ADI SAGREEC
there were 18 maintenance messages related with the AOA

The summary of the IFIM tasks relevant with the AOA sersmongthe 18
maintenance messagese adollows:

1. The maintenance message of2I028 and 282028 referred as
| NACTI VEO which detected by SMMXE1and
and2732031 referred as AAOA VANE BENTO ¢

All of the four maintenance messagestain the same instruction referred to the
AMM TASK 27-32-00-740-801 (Stall Management Yaw Damper (SMYD)
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1.7

BITE Test- Existing Faults). When the enginesxecuted the task, the SMYD
does internal tests, discrete output checks, sensor interface chectise ksl of
inputs to the SMYD including the AOA sensors.

2. The maintenance message of2l032and282 032 ar e referred

| NVALI Do wh ibySMYDQ. &he enairteaathice message directed to the
IFIM task 2732-00-810-835 (AOA SEL INVALID Detectedby: STALL
MANAGEMENT YAW DAMPER (SMYD)-1) and 2732-00-810-863 (AOA
SEL INVALID Detected by: STALL MANAGEMENT YAW DAMPER
(SMYD)-2) respectively. The Faulsolation Procedure point C (2) in the IFIM
task 2732-00-810-835 and 2732-00-810-863 contain the e instruction to
replace the AOA sensoiThe replacement instructions for the AOA sensor
includes measurement of the AOA angle value during the ingallist.

3. The maintenance messageZdl24and3®2 2124 are referred

REFERENCE VOLTAGE ISOUT OF RANGEO which dete
The maintenance message directed to the IFIM task13D-810-829
(AOA/BARO REFERENCE VOLTAGE IS OUT OF RANGE Detected by: AIR
DATA INTERTIAL REFERENCE UNIT (ADIRU}LEFT) and 3421-00-810

844 (AOA/BARO REFERENCE VOIAGE IS OUT OF RANGE Detected by:

AIR DATA INTERTIAL REFERENCE UNIT (ADIRU)RIGHT) respectively.

The corrective action summary of the IFIM taskZ400-810-829 and 341-
00-810-844 contain the same instruction to replace the AOA sensor.

4. The maintenance meages 321023 and 342 1024 are referred

SI GNAL FAI L0 sensed by the ADI RU. The
the IFIM task 3421-00-810-867 (ADIRU AOA SIGNAL FAIL) and 3421-00-

810-868 (ADIRU NO AOA REF SIGNAL) respectively. The IFIM taskil

guide the engineer to check the mainteeames s age of 34 21124
which will direct the engineer to check the IFIM task 0f23400-810-828 and
34-21-00-810-844. Both IFIM task contain the Fault Isolation Procedure will
direct the engineeptcheck the value of AOA sensor.

5. The maintenance essages 321046 and32 1048 are referred

REFERENCE FAI LO. The AOA X rel ated
respectively. The maintenance messagBM6 directed to the IFIM task 34
21-00-810881 (ADIRU AOA 1 REFERENCE FAIL) and the maintewa
message 321048 directed to the IFIM task 24-00-810-883 (ADIRU AOA 2
REFERENCE FAIL) which contain the same instruction except the left or right
identification for the specific instruction. Both IFIM task are to make sure the
reference voltage ttvé AOA sensor were available.

Meteorological Information

The Badan Meteorologi Klimatologi dan GeofisikkBMKG 1 Bureau of
Meteorology, Climatology and Geopdigs) provided enhanced infrared satellite
images. The enhanced infrared satellite images at 2320(082ZD LT) up to 2330
UTC (0630 LT) indicated that theloud toptemperatureat the accident site (red
circle) was from O up to 8°C.

64



- - Temperature
Himawari-8 IR (©)

Time 28-10-2018 : 23.20 UTC

60
21
14

-100

sdan Meteorologi Klimatologi dan Geofisika Data Source by JMA
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Figure 21: Enhanced infrared satellite image at 2330 UTC (0630 LT)
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1.8
181

1.8.2

Aids to Navigation
ABASA 1C

The runwg 25L utilized RNAV-1 Standard Instrument Departure (SID), the SID of
ABASA 1C requires after departure to climb on heading 248°, at or above 3,000
fed, and then turn left direct to BUNGARATIH i LARAS T TOMBO 1 ABASA
(figure 22).
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Figure 22 The RNAV-1 runway 25L (extract from AIP Volume 1))
Automatic Dependent Surveillanceé Broadcast

Automatic Dependent Surveillancé Broadcast (AD$B) is a surveillance
technology in which an aircraft determines its position via satellite navigation and
periodically broadcasts it, enabling it to be tracked

The faut omat 4Beneansi that the heehnok@y Koes not require flight
crew or external i nputssurieliamce prdcesp eéepetids prt 0
data orboard aircraft systems to provide surveillance information to the receiver
and Abroadcastod means the originating
data and the is no interrogation or twavay contract.

Several receivers have been installed in several places including in the Jakarta Air

Traffic Services Center (JATSC). The RIQP aircraft had ADSB capability and
the investigation retrieved the aircraft broagted data from the JATSC facility.
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1.9

1.10

1.11
1111

The flight track of the LNI610 based on the ABE data superimposeoh Google
Earth.

¢ Last recorded at
PR 23:31:55 UTC

i Altitude: 950 ft

i Speed: 360 kts

(ot

Google Earth

?\\y;\ if!. »
Figure 23: The flight track of LNI610 based on ADSB

Communications

All communications between Jakarta @affic controllers and the flight crew were
recorded by ground based automatic voice recording equipment and the cockpit
voice recorder. The quality of the aircraft recorded transmmssan the ground
based automatic voice recording equipment was gbloel significant excerpt of the
communication will be described on chapter 1.11.2 Cockpit Voice Recorder of this
report.

Aerodrome Information
Not relevant to this accident.

Flight Recorders
Digital Flight Data Recorder (DFDR)

The aircraft was fitted witta FA2100 DFDR manufactured by.3 Technologies
with part number 210@94522 and serial numbe301261573

On 1 November 2018, the Crash Survivable Memory Unit (CSMU) oDfiBR
was recovered byhe searchteam. The CSMU was transported ttte KNKT
recorde facility for data downloading. The readit was performed by KNKT
investigatos with the participation of the Australian Transport Safety Bureau
(ATSB), Transport Safety Investigation Bureau (TSIB) of Singapore Netibnal
Transporation Safety Board (NSB) of United States of America as Accredited
Representativeand Boeing

The memory unitrecordedl,790parameters and approximatel§ idours of aircraft
operation, whichcontained19 flights including the accident flightSignificant
DFDR informationare shown on thdollowing figures.
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Figure 24: The FDR recorded IAS andALT FLAG appeared since the flight from Tianjin
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The DFDR parameters plotted on figudeshowed:

At the bottom of plot, on the ln@ontal axis, the takeofind landing locations are
identified; TSN is Tianjin, MDC is Manado, DPS is Denpasar, LOP is Lombok, and
CGK is Jakarta. Thé (#) after the location is the number of flights before the
accident; le. TSN7 was the seventh fliglidefore the accident ardeparted from
Tianjin, China. The solid blue and red colors on the plots indicate fluctuating
values in the data (referred to below
much so that the area appears solid.

The DFDRparameters graphs on figuzé showed

1. On the flight from Tianjin to Manado (TSK), Manado to Denpasar (MD€),
Denpasar to Manado (DP3 and Manado to Denpasar (MEX], the graph of
the parameters of Barometric Corrected Altitlelie, the CAS (Computed Air
Speed) from left ADIRU, SYStick Shaker) Speed on SM¥Dand TAT 1
(Total Air Temperature) showed fluctuatedhlue (saw tooth signature)
indicating that those parameters were invalid on the respective ADIRU and
SMYD data buses. As previously discusseds thvalid data would caesthe
speed indicator (SPD) and altimeter (ALT) flags to appear on CapRHib.

2. The data BARO CORRECTED ALT (the left barometric corrected altitude)

and CAS ADIRU L (left computed airspeed) parameters became invalid during

the flight from Tianjin to Maado (TSN7) and from Manado to Denpasar
(MDC-6) during cruise when the Total Air Temperature (TAT) reached about

20°C and remained invalid until landing. The data of the left barometric
corrected altitude and left computed airspeed shawéde S apatteino ot h
indicating that those paramedeare invalid and therefore the SPD and ALT
flags on the Captaindés PFD would have

3. The data for these parameters remained valid on the subsequent flights from
Denpasar to Lombok (DP%) and from Lombok to Denpasar (LEH.

4. The data for these parameters became invalid again on the subsequent flight
from Denpasar to Manado (DF3$ during cruising until landing.

5. The data for these parameters was invalid from the beginning of the fbigint fr
Manado until landing in Denpasar (MB&).

6. On the flight from Denpasar to Jakarta (BPSthe data for these parameters
remained valid. However, the DFDR recorded differences in altitude and speed
between left and right instruments. It also recorddtemrinces in angle of
attack between left and right AOA sensor which were not recorded on any of
the previous flights.

7. On the accident flight from Jakarta (CGK), the DFDR recorded differences on
angle of attack between left and right AOA sensor and diffegs on altitude
and speed between left and right instruments.

8. Onflights DPS1 and CGK, the DFDR did not indicate an AOA fail ADIRU of
the left side nor a ADR fault ADIRU on the left side.
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Figure 25: The differences in sped indicator and altitude between left and right instrumens recorded on the [FDR
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The DFDR parameters graphs on figdBesshowed

1.

On the flight from Manado to Denpasar (MEX], the DFDR recorded an
average difference of 5 knots between the left and egmputed air speeds

and an average difference of about 400 feet between left and right pressure
altitude. These diérences did not occur on previous flights. The DFDR did not
record any differences in AOA.

On the flight from Denpasar to Jakarta (BPSthe DFDR recorded an
average difference of 1,000 feet in altitude and an average difference of 15
knots in airspeed between left and right instruments throughout the flight. The
DFDR recorded a difference of about 21° between left and right AOA sensors

On the accident flight, the DFDR recordedfeliences in altitude of about 200

to 500 feet and differences in speed of about 10 to 15 knots between left and
right instruments from the beginning of the flight until the end of the recording.
The DFDR record# differences between left and right AOAaifout 21°.

The speed, altitude, and AOA differences were not seen on the flights from
Tianjin to Manado (TSN), Manado to Denpasar (MDE), Denpasar to
Lombok (DPS5), Lombok to Denpasar (LO® and DenpasamtManado
(DPS3).
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The DFDR parameters grapls the flight from Manado to Denpasar on 28 October
2018(MDC-2) on figure26 showed

1. The vertical black line indicated tH#FDR started to record after electrical
power up.

Note: The DFDR starts to record after one of the engines is started.

2. The parameters of the left Computed Airspeed and Barometric Corrected
Altitude (labeled BAROCORA TNO1 L FDR) showed t he
patern indicating that those parameters are invalid and therefore the SPD
and ALT flags on tlhkave Geep displayed She PF D
pattern began after the left engine started about 2344 UTC

3. The DFDRrecorded 4parameters of left Barometric Corrected Altitude
(labeled BAROCORALTNOXLFDR, X=1,2,3,4) from the left ARU. The
graph of the figure above shows the left Barometric Corrected Altitude
number 1. However, the DFDR recorded the invalid data pattern fouall fo
left Barometric Corrected Altitude parameters

4. After the parameters of the left Computed Airspeed and Altitude indicated
invalid data pattern, the master caution activieew

5. The aircraft started the takeoff about 2351 UTC. When thenermgiached
the takeoff thrust, the auto throttle disengaged timtilend of the flight with
several attempts to4engage

6. When the aircraft altitude reached about 7,000 feet (refer to parameters
labeled right Barometric Corrected Altitude (BAROCORALTMNRFDR)
and Altitude 101325MBFDR) the first officer autopilot (A/PFO) engaged.
Other than the engagement of the autopilot, the REPaph did not show
any invalid data change.
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The DFDR parameters of the flight from DenpattaJakarta (DP3) plotted on
figure 27 and28 showed

1. Duringthe flight, the recorded AOA difference was constant about 21°.
2. The left control column stick shaker was actiging the entire flight

3. The parameters of computed airspeed and altitude indicated differences (a
split) between leftand right during theertire flight. The left computed
airspeed and altitude were lower than the right

4. While the aircraft was climbing through about 1,700 feet, the flap handle
moved to O (zero) and at about 1800 feet, first officer engaged the autopilo
for about 1 minuteThe auto pilot reengaged 1 minute later and disengaged
immediately. The autopilot subsequentigmained disengaged for the
remainder of the flight

5. After the first autepilot disengagement, the auatatic trim down and manual
electric trim up commands weactive repeatedly

6. While attempting to rengage the auto pildollowing the first disconnect,
the aircraft altitude was about 5,000 feet, the pitch trim decreased, the aircraft
descended and speed increased. The control column force increased.

7. While passing through about 10,000 feet the automatic trim and manual
electric trim activations stopped. The lastiation of automatic trim down
occurs without a corresponding aircraft nose down change in the pitch trim
position. This is indicative of thelectric stabilizer trim being cut out.

8. When aircraft altitude reached about 17,000 feet, the automatic trim and
manual electric trim were active several times with corresponding changes in
pitch trim position. This is indicativef the electric stabizer trim being re
engaged. The last activation of automatic trim down of this sequence occurs
without a corresponding change in the pitch trim position indicating that once
again the electric stabilizer trim was cut out.efidhwere no more activations
of manual electric or automatic trim inputs with corresponding pitch trim
movements until landing

9. Starting from about 1434 UTC until landing, the pitch trim value changed
without activation of automatic or manual electric trim which is indicative of
theflight crew using the manual trim wheel to control the pitch trim position
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The DFDR parameters graphs of the accident flight on fig@showed:

1.

10.

11.

Since the begimng of the plotthe DFDR recorded differences between the left
and right AOA. The AOA data considered invalid when the aircraft was not
moving. The AOA differences between left and right were constant, about 21°,
from the time the aircraft accelerated fakeoff until the end of recording

During rotation, the aircraft lifted off then briefly touched prior to becoming
fully airborne

Therewere no recorded indications of autopilot engagement during the flight

The computed airspeed and altitude paransetshowed differences (split)
between left and right from the time the aircraft became airborne until the end of
recording.

For most of the flight, the recorded altitude fluctuated around 5,000 feet and
never maintained a constant altitude

The left contol column stick shaker activated just after thiecraft became
airborne. It temporarily stopped about 2322 UTC when the aircraft descended
with flaps extended. About 15 seconds later the left control column stick shaker
activated again and was continulyusctive until the end of recording

About 2322 UTC the flaps were selected to zero and few seconds later, the
automatic trim down command triggered by MCAS became active. The
automatic trim down command stopped when the trim manual up activated

About 2325 UTC, the flaps were selected to zero and remained at zero until the
end of recording. The automatic trim down activated repeatedly until the end of
the recording, and was generally followed by manual electric trim up. From the
time the flaps were séb zero until the end of the recording there were at least
26 automatic trim down commands and at least 34 manual electric trim up
inputs

During the activation of the manual electric trim up and automatic trim down,
corresponding changes in the pitcimtiposition were recorded. For most of the
accident flight, the pitch trim position was above 5 units after the activations of
manual electric trim up and decreased after the activation of automatic trim
down

From about 2331 UTC until the end of theording, the activations of manual
electric trim up were shorter than the activations of automatic trim down and the
pitch trim position gradually decreased to near zero at the end of recording.
When the pitch trim position was about 1.5 units, the airstafted to descend
rapidly and the air speed and engine power (N1) increased

At 23:31:54 UTC, the DFDR stopped recording.
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1.11.2

Cockpit Voice Recorder

The arcraft was fitted witha FA2100CVR manufactured bi3 Technologiesvith
part number 210092522 and serial number 0052879

On 14 January 2019, the Crash Survivable Memory Unit (CSMU) of the CVR was
recovered. The Underwater Locator Beacon (ULB) had detached from the CVR
CSMU and was not recovered. The CVR CSMMds transported to the KNKT
recorderfacility for data downloading. Theeadout was performed by KNKT
recorder specialist with the participation of the National Transportation Safety
Board (NTSB) of United States of America and Transport Safety Investigation
Bureau (TSIB) of Singapore

The memory unit recorded good quality; recorded data on four channels and was 2
hours and 4 minutes in duration. The data recorded on the CVR included the
accident flight preparation and was continuous until the end of the accident flight.

Therelevantexcept of CVR was as follows:

Time

(UTC) Event

The FO advised theCgptainthat this flight was noliis actual schedule
22:18:48| The FOwas <cal |l ed at 4  oadcinfooredkthe
revision of the original schedule.

The Captainadvised tle FO that he was having flu. The CVR record
22:25:39| the Captain coughed about 15 times within an hour during
preflight.

Engineer came to cockpit and advised @aptainthat he would be o
board the aircraft to Pangkal Pinang. The engineer exulaimat he
had not rated foBoeing 7378 (MAX) and not authorized to relea
the aircraft.

22:47:59

Flight attendant advised the pilots that total passengers on boarg
23:08:02| 181. TheCaptainthen advised to theO that the person on board we
181 plus 7.

The FO advised the Ground controller that the POB was 188
23:09:12 | requested pushback clearance. The Ground controller aske
LNI610 to standby.

23:10:15| The Ground controller issued clearance for push back

23:15:57 | The Ground controller issuaiktarance for taxi

The Jakarta Tower controller issued takeoff clearance using ru

23:19:31) 551 TheFO readback the clearance.

The Enhanced Ground Proximity Warning System (EGPWS) sou

23:20:32 AVLo.

2320:33| TheFOcal |l ed Ar ot at eo.

23:20:35| The stick shaker sound recorded.

23:20:38| TheFOcal | ed ATAKEOFF CONFI Go.
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Time
(UTC)

Event

23:20:41

The Captainexclaimed about what happened to the aircraft.

23:20:44

TheFOadvised to th€aptainn aut o br ake di sar

23:20:47

TheFOadvised theCaptainni ndi capeéedadi sagr

23:20:49

TheFOadvised th&€Captainn posi ti ve rateo an
upo.

23:20:52

The FO exclaimed about what happen with the aircraft and aske
Captainwhether theCaptainwanted to return. Th€aptaindid not
respond totie FO.

23:21:03

The Jakarta Tower controller instructed tli¢l610 to contact directo
(Terminal East (TE) controller) and the instruction was acknowle
by theFO.

23:21:18

The FO advised to theCaptain A Al t i t ude Di s
acknowledged.

23:2122

The FO made initial contact with the TE controller and responded
the aircraft was identified on the radar screen. Thereafter, th
controller instructed theNI610 to climb to altitude 27,000 feet.

23:21:28

The FO asked to the TE controller ¢iie aircraft altitude as shown ¢
the TE controller radar display. The TE controller responded tha
aircraft altitude was 900 feet and was acknowledged bif@he

23:21:37

The Captaininstructed the=O to perform memory item for airspee
unreliable.

23:21:44

The FO requestedCaptainintention of the altitude to be requested
the TE controller.

23:21:45

The Captainr esponded: AYeaheéer eqhOdren
suggested to left downwind who then aptaininstructed thé-O to
request to somedfding point.

23:21:52

The FO requested approval to the TE controller to proceed to
holding point.

23:22:01

TheFO suggested whether ti@aptainneed flap who then affirmed.

23:22:03

TheFO suggested flap 1 to tl@aptainwho then affirmed.

23:2204

The TE controller asked tHeNI610 of the problem an&O respondeg
that they experiencing flight control problem.

23:22:12

TheFO advised to th€aptaini F e e | Di fferenti 4

23:22:14

The Captainhanded over the control to tlk& who then responded {
standby.

The Captainrequested that theO over the control. ThEO respondeg
to standby.
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Time

(UTC) Event
The TE controller advised to théN1610 that the aircraft descended
23:22.21|AiONE SEVEN HUNDREDO and the T
altitude.
23:99:94 TheFOsuggested th€aptainny ou want f |l ap ufg
by theCaptain
An. TheFO suggested to th€aptainthe altitude of 6,000 feet. Th@aptain
23:22:28
requested to 5,000 feet.
. The FO advised the TE controller that the intended algtuehs 5,00(
23:22:30
feet.
23:99:31 The TE controller instructed tHeN1610 to climb and maintain altitud
T of 5,000 feet and to turn left heading 050°.
23:22.32|EGPWS sounded: ABANK ANGLE BA
23:22:35| TheFOreadback the TE controller instruction.
23.22:41 | TheCaptainn Ok f | ap 10.
23:22:44| TheFORn 5, 000 0 .
. The FO asked the TE controller the speed as indicated on the
23:22:57| .
display.
The EGPWS sounded AAI R SPEED
23:23:00| The TE controller responded that the speed showthemASD was
322 knots of ground speed.
23:23:09| TheCaptainc o mmanded AMemory item,
The FO: AFeel di fferenti al alre
23:23:17|swi t ches of f, what 6 s QCaptanrespendeo
Achecko.
23:2334 | TheFO: dAafl i ght control 0 wlamaint he
23:23:39| Similar sound of turned paper pages.
23:23:48 | TheFO: Aflight control |l ow pres
23:23:52| Sound of altitude alert tone.
23:23:53| TheFO. fAénine point eighto.
23:24:03| Soundof trim wheel movement.
23:24:05| TheFO: nFeel di fferenti al press
23:24:09| TheFO: A Whi ch one ¢é. [Unintelli
A TheCaptan fAnoénoéair speed unr el
2324:11 FOt hen responded Asorryo.
23:24:19| TheFO:. nad rsmreel i abl e, standbyo
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Time
(UTC)

Event

23:24:31

TheFO: fiwhere is theébo

23:24:34

TheFO: fAno airspeedo

23:24:43

Altitude alert tone

23:24:46

TheFO. fAairspeed, airspeedo

23:24:53

Similar sound of turned paper pages.

23:24:57

The TE controller instructed tHeN1610 to turn left heading 350° an
maintain altitude of 5,000 feet. TH® readback the instruction.

23:25:11

TheFO. fAheading 350ééthere is no

23:25:17

TheFOadvised theCaptainn TEN poi nt ONEO.
Note: 10.1 is the page number of AirsddJnreliable NNC

23:25:20

TheFOread Airspeed Unreliable checklist:

ACondition: Airspeed or Ma c h
unreliable. To identify a reliable airspeed indication, if possiblg
continue the flight using the Flightith UnreliableAirspeed. Autopilot
if engaged disengages é Alrea

23:25:41

TheCaptain A di sengagedo.
TheFOconti nued reading Airspeed
both off o.

23:25:43

TheCaptain 7 Of f 0

23:25:44

Sound ofaltitude alert tone.

23:25:46

TheFOcontinued reading Airspee
following gear up pitch attitude and thrust. Flaps up four degrees
seventy five percent N1o.

23:26:00

Similar sound of trim wheel movement.

23:26:02

TheCaptain fAYeaho

23:26:04

TheFO: A 75 %0 .
TheCaptain fiyeaho.

23:26:11

TheFO. fAalready nowo
TheCaptaindo Ay eaho.

23:26:15

eading Al rspe
| i able attitu

The FO conti nued r
foll owing are re

TheCaptain A checko.

23:26:28

TheFO continued reading Airspeed Unreliable checklist:

ANot e: Stick shaker, over spe
may sound erroneousl yo

23:26:32

The TE controller instructed the LNI610 to turn right heading 050°
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Time

(UTC) Event
maintain altitude of 5,000 feet. T readback the instruction.
The TE controller instructed tHeNI610 to turn right heading 070° {
avoid traffic.
23:26:59| TheFOwas continuing to read the
Flight path vector angitch altitude indicator may be unreliable, re
to the Flight with Unreliable
. The TE controller called theN1610 with no respond and repeated t
23:27:07
call 5 seconds after
23:27:13| TheFOr esponded figo aheado
23:27:15 The TE contoller instructed the LNI610 to turn right heading 09
o TheFO readback the instruction.
The FO continued reading the Airspeed Unreliable check
23:2723|iPer f ormance I nflight chapter
setting for the currerdircrafto
23:27:28 The TE controller revised the instruction to stop the turn ang
o heading 070°. TheEOreadback the instruction.
TheFOconti nued reading the Airs
23:27:37| trim and stabilized, cross check the captdirst officer and standb
airspeed i Gaptait dtenr ¢ .e sploemded i
23:27:43| TheFO: A 280, 2800
TheFOconti nued reading the Air
- di ffers moreédiffers by more
23:27:46 arspeed shown in the table g
Captaint hen responded Ayeaho.
P The FO suggested to th€aptainthat he would check the performan
23:27:58] . )
inflight chapter who then res
23:28:03| Sound similar to interphortevo tone chime
23:28:05| Sound similar to FACaptainpickedup the handset
23:2809 The I_:A: AYes s i FOinétrudied thd FAdo camed
the cockpit.
23:28:12 | Sound similar to FA handset being stowed.
1 Sound similar to flight deckabr opened.
23:-28:15| 1 The TE controller provided traffic information of an Airbus A3
position at 10 o'clock 11 Nm leaving 5,000 descending to 2
south east bound.
93:28:18 1 Sound similar to thump

1 TheCaptainrequested the FA to call the engineer to the cockpit
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Time
(UTC)

Event

23:28:19

TheFOrepeated th€aptainrequest to call the engineer

23:28:25

The FO responded the traffic information from the TE controller v
monitored.

23:28:36

Sound similar to handset of FA beipgked up.

23:28:37

Sound similar to flight attenaé call, two single chimes.

23:28:39

Sound similar to handset of FA being stowed

23:28:41

Sound similar to cockpit door being opened.

23:28:43

The TE controller instructed the LNI610 to turn left heading 050°
maintain an altitude of 5,000 feet. TR® readback the instruction
Aturn | eft ZERO FIVE ZERO FI
ZEROO.

23:28:54

Sound of FA station handset calling FA other station.

23:28:55

Sound of two chimes twice.

23:28:55

The Captainasked someone to look what happened

23:2858

FA communicated with other FA explained that there was technicg
issue in the cockpit, and asked the other FA to revaaa was
acknowledged by the other FA.

23:29:14

TheFOadvi sed: ifnOk we ,0a0rOeé dal r ead

23:29:18

Sound similar to altitde alert.

23:29:19

TheFO: inéwithbo.

23:29:28

TheFO. AFly upo.

23:29:31

TheFO: nAIT T condéof f schedul e d

23:29:37

The TE controller questioned the LNI610 whether the aircraft
descending.

23:29:40

TheCaptan fiwe havemésoome probl e

23:29:41

The FO advised the TE controller that they had flight control prob
and flew the aircraft manually. The TE controller responded
instructing to maintain the aircraft heading to 050 mdontact the
Arrival (ARR) controller on frequenc$25.45.

23:29:50

Communication heard from ground Lion Air frequency.

23:30:02

The FO contacted the ARR controller and advised that they \
experiencing flight control problem. The ARR controller advi
LNI610 to prepare for landing on runway 25 Lefidainstructed then
to fly heading 070°. The instruction was read back by-tbe

23:30:24

TheFO. At here i s Chptandoe sshondéden

23:30:29

TheFO. fA62.3, so our weight is
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Time
(UTC)

23:30:48 | The Captainasked theFOto take over the aircraft control for a while
23:30:53| Sound of altitude alert tone.
23:30:54| TheFOreplied that he took over the aircraft control.

The Captainrequested to the ARR controller using call sign LNI65(
direct to waypint ESALA due to weather and was approved

Event

23:30:57 instructed to maintain five thousand. Tl@aptain read back the
instruction.
23:31:.07| TheFOAWah, i s veryeéeo

The Captainadvised the ARR controller that the altitude of the airg
could not be dermined due to all aircraft instruments indicat
23:31:08| different altitudes. Th€aptainused the call sign of LNI650 during tf
communication. The ARR controller acknowledged then st
ALNI 610 no restrictiono.

The LNI610 Captainrequested the ARRontroller to block altitude
23:31:22| 3,000 feet above and below for traffic avoidance. The ARR contr
asked what altitude tHéght crewwanted.

23:31:27| Sound of altitude alert tone
23:31:33| TheFO exclaimed that the aircraft was flying down.
23:31:34| TheCaptair esponded the ARR contro

The FO exclaimed the aircraft was flying down who then @eptain
23:31:36|r esponded: Aitds oko.
The ARR controller approved the LNI610 request.

23:31:39| Sound of single chime.

23:31:41| Sound of over speed warning.

23:31:42| TheFO: dAfly upo.

23:31:50| Sound of single chime interphone tone.
23:31.51|EGPWS: ATERRAI N, TERRAI NoO.
23:31.53| EGP WS : ARSI NK RATEO.

23:31:55| The CVR stopped recording.

1.12  Wreckage and Impact Information

The search #m operated in conjunction with the Indonesia Search and Rescue
team with the mission taeecover remaiimg of the victims.The search teamtilized

a Remotely Operated Vehicle (ROV) equipped vathunderwater cameraside

scan sonaand4 Underwater Lo@tor Beacon (ULB) locators.
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1.13

1.14

The search team identified the wreckage on the floor of the Java Sea near Tanjung
Karawang, about 32 Nm from Jakarta on bea@i5§°. The wreckage was scattered
over an area about 200 by 140 meters which was about 370 metarshi last
aircraft position recorded on the ABES (Automatic Dependent Surveillande

Broadcast).

The FDR CSMU was foundat 5°48%3.2® S 1077 6 B0 E and the CVR CSMU

was found at 5% 8 G5206S 1077 6 B3 E, which were within the wreckage
distribution area.Several parts of the aircraft were recovered and transported to
Jakarta International Container Terminal (JICT). The wreckage recoweissfdom

all sectionsof the aircraft from the forward to the aft.

The recovered wreckage identified corsisbf, butwas not limited to, parts from

the left and right engines, both main landing gears, parts of the empennage, parts of
the forward and aft left passenger doors, parts of the wings, a flight crew oxygen
bottle, and parts of a circuit breaker paridie damage to the aircraft suggested a
high energy impact

The wreckage
EYWPRE CVR CSMU

FDR CSMU

Floating debris
(based on Tug Boat) £

IR Last aircraft position
----- - & recorded on FDR
5°48'59.67"S

107° 7'30.40"E

Google Earth

Figure 30: The wreckage distribution

Medical and Pathological Information
Not relevant to this accident

Fire
There was no evidence ofiiight fire.
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1.15 Survival Aspects

PK-LQP was equipped with an airframeounted low frequency underwater locator
beacon (ULB) which operated at a frequency of 8.8 kHz. The beacon is included in
ICAO standards. The purpose of the beacon is to aid in the location of submerged
aircraft. During the search phase, multiple surveys were conducted to detect a signal
at 8.8 kHz. No such signals were detected in the area where wreckage was
recovered.

The beacon received ETSCR00Oa approval. ETSQ200a invokes minimum
performance standard SAE dwmoent AS6254A Minimum Performance Standard

for Low-Frequency Underwater Locating Devices (Acoustic) (Belivered), dated

6 December 2015, which includes requirements to operate to a depth of at least
20,000 feet, impact shock 5 milliseconds 1,000 G aatit strush of 5,000 Ibf

The beacon was mounted on the forward side of the nose pressure bulkhead.

Boeing sele@d the location after many distinct configurations were evaluated
based on safety and certification focused tests and analysis. Most of #weepref
installation locations could not be used because they proved to be incompatible with
EASA and FAA NonReclargeable Lithium Battery certification requirements or
they did not meet the ICAO empennage and wings exclusion

1.16 Tests and FResearch
1.16.1 Installation Test AOA Sensor with Known Bias

On 15 November 2018, with approval from KNKThda under direction and
supervision of the NTSB, Boeing and the NTSB conducted an installation test of an
AOA sensor on an exemplar Boeing 7B{MAX) located at the Boeing Figl
Flight Line. This test was intended to demonstrate if the AMM installation test, task
34-21-05-400-801, was robust enough to ensure that a bias in an AOA sensor could
be identified/deteed using the installation and alternate test procedure

The tests anducted as follow:

1. The tests were conducted on a productionIVIAX) aircraft in serviceable
condition inside a hangar with adequate lighting

2. The first test consisted mstalling a known serviceable AOA sensor in the left
position of the aircraft othe production aircraft

3. The second test consisted of installing an AOA sensor with an induced or
known bias of approximately 33° (modified to have 33° bias) in the left
position of the aircraft.

4. The tests were done with and without entering good weflatidto the FMC
The test results as follows:

12 ICAO Annex 6, section 6.5.3.1.
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1. Test of the serviceable AOA sensor

Test Process Left AOA vanePosition SMYD Indication

The AOA sensor vane i
line with the alignment
pin (0° £ 5°)

The AOA sensor vane &
maximum upper stop
(100° £ 5)

The AOA sensor vane ¢
maximum lower stop-(
100° + 5°)

2. Test of the AOA sensor with known bias. ThIYD was set up to show the
value of vane position angle measured by the left AOA sensor

Test Process Left AOA vanePosition SMYD Indication

The AOA sensor vane i
line with the alignment
pin (0° £ 5°)

The AOA sensor vane &
maximum upper stop
(100° £ 5°)

The AOA sensor vane ¢
maximum lower stop-(
100° £ 5°)
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Conclusion

1. With the serviceable (original) AOA sensor instaltgdthe aircraft, the results
of the alternative installation test indicated that the left AOA sensor met the
AMM requirements

2. With the biased AOA sensor, the test found that the vane angle values exceed
the limits as follows

a. When the vane was at its zerosjimn, the SMYD displayed31.9° (the
misalignment angle) instead of 0° + 5°

b. When the vane positioned at its maximum upper stop, the SMYD
displayed +67.6° instead of +100° + 5°.

c. When the vane positioned at its maximum lower stop, the SMYD
displayedthetet A AOA SENSR | NVALI Do.

3. The alternative method of the installation test in the AMM will successfully
detect a misalibrated AOA sensor.

1.16.2 Observationto the Xtra Aerospace

On 12 December 2018, the National Transportation Safety Board (NTSB), Federal
Aviation Administration (FAA), Boeing, and Collins Aerospace representatives
convened at Xtra Aerospace LLC (Xtra) facility in Miramar, Florida to review and
document the maintenance records for the AOA Sensor, part number
0861FL1/serial number 14488 (AOAahwas installed on the accident aircraft at
the time of the accident) and to review the test equipment and procedures used
during the repair process

Collins Aerospace provided an exemplar AOA sensor obtained from the
manufacturer 6s n O861FE1L setaknumbpr&2160, to suppbrie r
the investigation. The group observed an Xtesospacdechnician perform the test
procedures contained in CMM 34£-34, Revision 8, on the exemplar unit. Note:
CMM Revision 8 was in effect at the time S/N 14488& accident AOA sensor,
was repaired by Xtra.

An Xtra Aerospacetechnician performed tests 3.A through 3.E from the CMM
Revision 8 Testing and Fault Isolation section. The tests performed were the
Insulation Resistance test, Vane Friction test, HeatereGutest, and Alignment
Accuracy test. For this demonstration, the technician used a North Atlantic 8810A
Angle Position Indicator (API) to measure the 0861FL1 resolver outputs. A Peak
Electronics SRR 0 1 B AP (APeak API 0) i readiihe el a't
synchro connected to the vane zero/indexing test stand (Note the Peak API could
also be used for measuring the AOA resolver outputs, but for this demonstration the
North Atlantic 8810A was used). The CMM specifies that resolver angles should be
measured using a North Atlantic Model 8810A Angle Position Indicator (API), but
includes the note AEqui val ent-208Buisnett i t ut
listed in the CMM.

Xtra Aerospaceutilized several pieces of test equipment to complete repair a

evaluations on # AOA sensor that were not specified in the CMM Revision 8.
Xtra Aerospacenstead utilized the following equipment in service at the time of
repair of S/N 14488:

A Peak Electronics SRAI01B (Model 77240-2) (Peak API) (quantity 3and
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A North Atlantic 8810A (quantity 1).

According to the Repair Station Manual the level of accuracy should be equal or
better than that recommended by the Original Equipment Manufacturer (OEM).

To meet the requirements of CMM Revision 8, X#@rospaceassessed the Peak

API and North Atlantic 8810A for an eq
department prepared the equivalency report, which was approved by their quality
assurance department. The FAA Flight Standards District Office (FSDO) edcept

the test equipment equivalency report and the test equipment was considered by the
FSDO to be in conformance with the CMM.

The Peak API has an additional mode of operation not available in the North
Atlantic 8810, or described in the CMM test proceduidse additional mode of
operation is firel ati v e oAemspdcaitilized d Peakas o0
API, set in relative mode, as a component of the vane indexing/zero fixture setup.

The Peak API has an additional mode of operation not availabtheirNorth

Atlantic 8810, or described in the CMM test procedures. The additional mode of
operation is firel ati v e oAemspdcaitilized d Peakas o0
API, set in relative mode, as a component of the vane indexing/zero fixture setup.

When the switch is set to the ABS (absolute) position, and the vane is locked in the
vane zero position, the resolver outputs will read 45° on the Peak API (note: the
resolvers are calibrated to output 45° with the vane at its zero position). If the
switch is then moved to the REL (relative) position, the Peak API will display 0°, as
a 45° offset had been established. Moving the AOA vane to a new position will
result in the API displaying the actual resolver angle minus 45°-43feoffset is
constant througout the full range of the vane rotation, so long as the REL/ABS
switch remains in the REL position.

NTSB, FAA, Boeing and Collins Aerospace observed an X&aspacdechnician
perform a vanelingershaft assembly (VSS) removal and replacement (R&R) per
CMM Revision 8 on the AOA sensor exemplar unit. During VSS R&R, the resolver
gears and damper gear are initially disengaged from the main gear (which is fixed to
the vane shaft) allowing the resolvers to rotate independently. Further, as part of
VSS remowal, the main gear is actually removed from the original VSS, insuring the
resolvers are no longer retained in their original position as they can independently
rotate to a new position.

After witnessing the vanslingershaft replacement, a procedure wasealoped to
determine if a 2ilegree bias could inadvertently be introduced into both resolvers
of an AOA 0861FL1 sensor if calibrated and tested using the Peak API in relative
mode. 25° was an arbitrary naero angle chosen as a representative example.

The exemplar AOA unit was secured in the vane zero fixture, with both resolver
gears disengaged from the main gear but positioned to 45°. The REL/ABS switch
on the Peak API was positioned to ABS. Resolver 2 was then rotated until the
display on the Peak ARlisplayed 25° (Resolver 1 was not adjusted; its position
remained at 45°). With the Peak API connected to Resolver 2, the REL/ABS switch
was moved to the REL position at which time the Peak API display changed to
indicate approximately 0°.
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1.16.3

With the REL/ABS switch still in the REL position, the resolver gears were
engaged with the main gear, and the calibration procedure was performed per the
CMM Revision 8. The resolvers were independently calibrated by rotating each
resolver until the display of Peak A@ikplayed an output of approximately 45°.

After the resolvers were calibrated to 45° with the REL/ABS switch in the REL
position, the AOA outputs were checked at the CW and CCW rotational stops. The
AOA outputs were found to be approximately + 100 degp=esthe design. The
REL/ABS switch was then positioned to ABS. The resulting vane angle was
recorded with the vane positioned in the vane zero fixture and at the CW/CCW
mechanical stops. The angles recorded for Resolver 1 and Resolver 2 resulted in a
25-degree bias over the full range of vane travel. The test demonstrated that an
AOA sensor calibrated and tested with a Peak API in relative mode could result in
an equal bias introduced into both resolvers. The bias would not be detected during
either AOA sasor calibration or CMM Revision 8 retuto-service testing.

In February 2019, Collins Aerospace repeated the Peak API offset demonstration at
its facility. The test was repeated for the benefit of NTSB and FAA personnel who
did not witness the original ednonstration at Xtra Aerospace. The procedures
followed during the February 2019 demonstration were fundamentally the same as
those performed at Xtr@erospacein December 2018. The conclusions were
identical. First, that an equal offset could inadverierite introduced to both
resolvers. Second, that the magnitude of the offset is essentially random. And third,
that the offset could go undetected through the CMM retuservice tests.

These test results suggest that there was a possibility of differeneebias if the
REL/ABS toggle switch was inadvertently selected to RELtjmwsi

Engineering Simulator

On 36 December 2018, the investigation team conducted aircraft simulator
exercises in the Boeing engineering simulator configured for Boein@ T8AX).

The team consisted of representatives from KNKT, NTSB, FAA, Boeing, Indonesia
DGCA and Lion Air.

The main objective of the simulator exercise was to provide a better understanding
regarding the accident and previous flights, which included theafimlgpactivities:
1. Documented the variousessages arjhts:

a. |IAS Disagree

b. ALT Disagree

c. Mach Trim Fail

d. Speed Trim Fail

e. Feel Differential Pressure Light
2. Documented the following events:

a. Flaps 5 to Flaps Up

b. Split AOA

c. MCAS activation durations

d. Runaway &bilizer Trim

3. Documented the various failure modes dight deck efectsassociated with
those failures
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4. Documented procedures and crew response including prioritization of multiple
messages

5. Undersandingtheflight crewworkload during differet scenarios

The simulator setup was as follows:
1. The airport was Jakarta, runway 25L for departure.

2. Left seat/Captain is it Flying (PF), Right sedtirst Officer is Pilot
Monitoring (PM) (unless otherwise noted).

3. Weather was similar to the accidedfight, which were wind 3 knots from
160°, visibility 8 km, clouds scattered (SCT) at cloud base 2,000 feet,
temperature 27°C with due point 25°C and aerodrome pressure was 1010 mbs.

4. Weight and Balance
a. Total fuel 6,500 kg
b. Actual takeoff weight 63,974 kg
c. CG18.57%MAC
d. Landing weight 62,000 kg

The first scenario was executed to observe a normal takeoffmalfunction)
followed by an approach to stall at flaps up (flaps 0) with-rarte thrust, flaps up
with idle thrust and flaps 5 with higher thrust (simila a departure stall).

The first scenario consisted of four cases to observe normal MCAS activation.
General observation revealed that MCAS function activation in the flaps up
configuration was similar in fashion to Speed Trim System in the flaps down
configuration and that it operated at the same rate.

The second scenario was executed in the same simulator setup condition with
addition of speed (SPD) and altitude (ALT) failure flag simulation. The observation
noted that no fault or caution lights werkimhinated, however, if the recall button
was pressed, the SPEED TRIM FAIL and MACH TRIM FAIL lights would
illuminate.

The third scenario was executed with the objective to observe AOA DISAGREE.
The scenario was conducted in four cases

The first case obet i ve of the third scenari o was
stick shaker and IAS and ALT DISAGREE messages after takeoff. Crews were
instructed to maintain takeoff flap configuration (MCAS function will not engage

with flaps extended), complete thergpeed Unreliable and Altitude Disagree NNC

and return for landing at Jakarta. There was no significant issue regarding the first
case.

The second case of the third scenario was to observe the activation of MCAS,
completion of Airspeed Unreliable, Altited Disagree and Runway Stabilizer
checklists, and the effects of performing the Runaway Stabilizer checklist on
MCAS, similar to Lion Air flight 043. Crews were instructed to clean upatheaft

after takeoff, complete the Airspeed Unreliable, Altitudesdgree and Runaway
Stabilizer checklists and return for landing at Jakarta using manual trim. The
observation noticed that the MCAS activation in the flap up configuration made the
flying more difficult. The aircraft was still controllable, as long as ftlght crew
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countered the MCAS activation using the control column trim switches. The
problem was solved using the runaway stabilizer procedure.

During the execution of second case of the third scenario, the AOA bias was set on
the right AOA sensor priorhe flight and the FCC A remained as master. As a
result, no erroneous MCAS activations were expected, however, the left stick
shaker activated and ALT DISAGREE and IAS DISAGREE was noticed. The
observation found that the erroneous airspeed was quicklsenwyi identifying the

pitch limit indicator position on the affected PFD.

The third case of the third scenario was to observe the conditions that occurred
during the accident flight. The flight crews were instructed to clean upitbtmft

after takeoff,begin the Airspeed Unreliable and Altitude Disagree NNCs, and
respond to ATC requests. The control column electric trim was initially used to
counter MCAS, then insufficient control column electric trim was used similar to
the accident flight. The obsertions were as follows:

1. Altitude was not able to be maintained with aft control column force if short
activations of electric trim result in an accumulation of-mim from MCAS
nose down trim commands.

2. RepeatedMICAS activations increasetthe flight crew workload and required
more attention to counter it.

3. The recreated accident flight ATC communication was distracting.

It was hard to get through the Airspeed Unreliable NNC. Being unable to
complete the airspeed unreliable NNC and/or not being abtkeitdify reliable
airspeed/altitude increased the flight crew work load.

5. Discussion arose regarding flight crew request to ATC to confirm altitude. This
behavior indicated that the flight crew and the ATC likely did not realize that
the altitude displayedn the radar was almost certainly Mode C / Mode S data
from theaircraftand was no more reliable than what was displayed in the flight
deck. Hearing ATC providing an altitude might cause the flight crew to
consider the altimeter was reliable when tryiomgdiagnose the problem. A
comment was made that prior accidents had involved flight crews requesting
altitude information from ATC. Suggestions made included additional
information/training to flight crews and possibly have the controller reply to
suchregest s with, AYour aircraft i's rep
flight crew how the system works.

The fourth case of the third scenario was for the flight crew to feel the control
column forces during single amdpetitive MCAS activations whilerying to keep

the aircraft level. The AOA bias was introduced and the MCAS function activated.
The observations were as follows:

1. Significant aft control column force was necessary to hold the control
column after one activation of MCAS.

2. Atfter two full applcations of MCAS and no restoring electric manual trim
up, one participant characterized th
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1.17
1171

Organizational and Managementinformation
Airc raft Operator

The PKLQP arcraft is operated by PT. Lion Mentari Airlines @n Air) which had
valid Air Operator Certificate (AOC) number 1-P10.

The Lion Air operates a total df20 aircraft consisting of 3 Airbus A330, 1 Boeing
747-400, 1 Boeing 737400, 37 Boeing 737800, & Boeing 737900ER and 11
Boeing 7378 (MAX) (including the accident aircraft) and serves more than 120
destinations with up to 630 flights daily.

The Lion Air has several manuals contains policy and procedure approved by the
Directorate General of Civil Aviation. The relevant policy and procedure are
descrbed in the following subchapter.

1.17.1.1 Operation Manual (OM)-part A

Captain Duty and Responsibility

Some of theCaptainresponsibilities accordintp the Operation Manual (OMjart

A subchapter 1.4, is directly and specifically responsible for, and is the final
authority asto, the operation of the aircraft. Therefore, @@&ptainis responsible

for ensuring the aircraft is in condition for safe flight and must discontinue the flight
when urairworthy mechanical, electrical, or structural conditions occur.

In regards with déect report, the OMpart A subchapter 2.1.14.3 described that
Captainhas following responsibility:

1 Before the flight,Captainmust examine the Aircraft Flight and Maintenance
Log (AFML) to inquire about the technical status of the aircraft.

1 Ensure that AFML is filled out completely and correctly.

1 Record and report all defects in AFML and ensure all information entered in
AFML:

IS up to date;

is legible (write clearly);

cannot be erased (using ball point); and

is correctable in the case of arror provided each correction is identifiable

and errors remain legible (cross the error, write correction an@autain
sign next to it).

1 If the content in the AFML is considered vofdaptainmust cross the page and
put word VOID along with the crosd@age.

1 After the flight, Captainmust ensure that all discrepancies and mechanical
irregularities noted during the course of a flight or series of flights are entered
in the AFML. Where applicable, snags entered in the Cabin Maintenance log,
which are aworthiness items, must be transferred by the Flight Crew into the
AFML. In addition, and where possibl€aptain must debrief maintenance
personnel directly regarding reported aircraft defects.

The OMpart A did not describe flight crew requirement to meaultsto include
fault code which refer té-ault Reporting Manual (FRMnor did it describe any
requirement for a crewmember to report using a guarded switch in flight.
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Duty Management Pilot Duty and Responsibility

The OMpart A subchapter 1.3.2.2lescribed Duty Management Pilot the
managementlight crew rosteed outside normal office hours represegt Flight
Operation Departmentwho is responsible directly to the Director of Flight
Operation The roster for work day is from 1730 to 0830 L€ following morning,
while for weekend (Saturday and Sunday) and public holiday is comprising two
different duty periods, which are fro@830to 1730 LT and continue from 1730 to
0830 LT the following morning.

The Duty Management Pilot has to be locaa¢dlesignated residential address or
other reasonable notified address with contactable and uninterrupted telephone,
company group network (online messaging group application) and/or email
communication.The Duty Management Pilot has duties and respoiigbilto
handle and effective management of flight/schedule disruptions and delays for
resolution in a timely manner by coordination with MCC, Station Manager and
other respective departmental focal poirtee Duty Management Pilot also has
responsibiliy as Liaison and coordination with Chief Pilot, Fleet Managers, Head
of Training, Safety and Securitianager,Flight Data AnalysisManager, etc., as
required for urgent safety attention, critical high severity or airworthiness matters of
concern.

Handover Control Procedures

OM-part A subchapter 8.3.1.5describedporocedure related to the handover control
as follows:

During handover and undertaking of flight control, the following phraseology must
be used in order to make the transfer clear:

1 Pilothandingppover the control: AYOU HAVE CON
T Pil ot undertaking the control: #fl HAV

Flight crew who handed over the control must convert to PM after normal control
of airplane, by the flight crew who has undertaken the control is confirmed.

Any change oveof control from Second in Command to the PIC should be done
any time the PIC deems it necessary.

Urgency and Distress ConditionProcedures

The OMp ar t A subchapter 8.3.20.11. 2 ACor
distress condition aa condition of beinghreatened by serious and/or imminent
danger and requires immediate assistance. The distress call must use radiotelephony
signal of MAYDAY at the commencement of the first distress communication and

has absolute priority over all other radio traffic, otettions shall not transmit on

the frequency concerned until the distress communication is ended or transferred to
another frequency.

While the urgency signal uses PAN PAN. The urgency condition was described as a
condition concerning the safety of amcaaft or other vehicle, or of some person on
board or within sight, but which does not require immediate assistance.
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Urgency communication has priority over has priority over all other
communications, except distress communication. Other station shaltadere
with the transmission of urgency traffic.

The procedures related to the urgenny distress condition described in the OM
part A subchapter 8.3.20.11Was in accordance with ICAO Annex 10 subchapter
5.3.

The duty assignment foPilot Flying (PF) and Pilot Montring (PM)in abnormal
and emergency situationgsere described in subchapter 8.3.1.8t% following
assignment of tasks sharing is recommended:

EMERGENCY AND ABNORMAL SITUATIONS

PF IS RESPONSIBLE FOR PM IS RESPONSIBLE FOR:
1 Throttles; 1 Checklist reading;
1 Flight path and airspeed control;| § Execution of required actions on
1 Aircraft configuration; PF request;
1 Navigation; 1 Engine fuel levers, fire handles an
9 Communication. guarded switches (irreversible
actions), with confirmation of PF.

Emergency and abnormal procedures are to be initiated on command of the
Pilot Flying.

ThePilot in Commandmay change over the control at any time to ensure that
the highest level of safety is maintained.

During an emergency or abnormal situation, tRdot in Commandmust
allocate crew duties to ensure that the highest level of situation awareness is
maintained in the cockpit and cabin. This will prevent all attention being totally
directed at resolving the emergency or abnormal situation to the detrinhent o
safe flight. Any ambiguities, confusion, unresolved discrepancies or use of
improper procedures must be discussed immediately, and if necessary, a missed
approach initiated to allow remedial action at safe altitude.

Following a flaps malfunction / jamman any approach and landing with zero
degree flap configuration must be flown by Bt in CommandApproach and
landing following other emergency or abnormal situation must be conducted
such as to ensure the highest level of safety.

Following an inflight emergency or abnormal situation, all approach either
instrument or visual should not be commenced or should be discontinued, until
the Emergency Memory Items and subsequent procedures and have been
completed. For more detail, refer to respective aifctgpe FCOM.
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The duty assignment for PF and PM in normal situati@scribed inOM-part A
subchapter 8.3.1.5.2. The following assignment of tasks sharing is recommended:

NORMAL SITUATIONS
PF IS RESPONSIBLE FOR PM IS RESPONSIBLE FOR:
1 Flight path andairspeed control; | Flight path and airspeed control
1 Aircraft configuration; monitoring;
1 Navigation. 1 Navigation monitoring;
1 Communication;
1 Checklist reading;
1 Execution of actions on PF reques

Hazard and Occurrence Report Procedures

The OMwpart A subchagrr 2.1.14.6 required Pilot in Command to report the
occurrence that have or may have safety impact on operation procedure by filling an
Air Operations- Safety Hazards & Occurrence Report ®OR) and for all Lion

Air personnel are also encouraged to viduity report any error or hazards that
may have led to incident or accident by fillingSafety Hazard and Occurrence
Report (SHOR).

The subchapter 11.1.3 described serious incident as an incident involving
circumstances indicating that there was a higbbability of an accident and
associated with the operation of an aircraft. This subchapter provided several
examples of serious incident, including:

1 Malfunction or failure of the flight control system; and

1 System failures, weather phenomena, operationsidmithe approved flight
envelope or other occurrences which caused or could have caused difficulties
controlling the aircraft.

The subchapter 11.3.1 described:

In the event of an accident or a serious incident, either airborne or on the ground,
the Pilad in Command or a crew member, if physically able, or any other person
will advise Operational Control Department (OCD) by the quickest available
means, that will in turn advise Safety & Security Directorate.

In the case the OCD is aware of a LION AIR mgaft accident or a serious
incident or, has reasons to believe a LION AIR aircraft has been involved in an
accident, or in the case of an overdue aircraft report, the OCD will immediately
advise LION AIR Safety & Security Directorate by the quickest dlailaeans.

The subchapter 11.4 described that Pilot in Command has responsibilities to notify
the SS Directorate when the aircraft is believed have been experienced accident or
serious incident. Afterwards, the SS Directorate must immediately, and byotte m
suitable and quickest means available, notifying several redatédritiesncluding

the Komite Nasional Keselamatan Transportasi
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The subchapter 11.4.9 described all operational personnel also encourage reporting
to company of nomexhaustive lisbf events, which included in part:

1 Aircraft handling difficulties including abrupt maneuver, excessive pitch
attitude, aircraft trim problems, unommanded roll, or tiwwommanded turn;

1 Warning or alert, including flight control warnings, door warnings, lista
warning (stickshaker), fire/smoke/fumes warning and stall or stall warning.

The OMpart A subchapter 11.5 described methods to report hazard and occurrence
to SS Directorate as follows:

a. Primary reporting method is using wbbsed application software hwh
provides online form of Air OperationsSafety Hazards & Occurrence Report
(A-SHOR).

b. Secondary reporting method is to fill a paper form eBAOR and send the
form to the Safety and Security (SS) Directorate via email.

c. If the primary and secondangethods are not practicable, the reporter can use
facsimile to send the SSHOR or short message service to SS Directorate.

Minimum Equipment List Procedures

OM-part A subchapter 8.6.9 described the applicability of Minimum Equipment
List (MEL) as follows

The provisions of the MEL are applicable until the aircraft commences the flight
(i.e. when the aircraft begins to move under its own power fordtke

Failures occurri ngkobeatnwe e mMBIrfa@&fefe ORBIr @
accomplishment of the approprga abnormal procedure by the crew. Upon
completion of the procedure, once the failure has been clearly identified and
confirmed, and prior to takeff, the MEL must however be consulted:

If the item is NO G®& or if the MEL requires the completion of a
maintenance procedure, thBIC must return to the blocks;

fthe item is AGOO0O or AGO | FO in the
flight must be subject tBilot in Commandudgment and good airmanship
taking into account all other relevant factors, performanmenalties ad
operational restrictions related to the intended flight.

The MEL may also be consulted in flight to decide on aftight turn back
dependingn t he A GO0/ ONO GOO status of the
to repair the failure at th destination.

1.17.1.2 Operation Training Manual
TheOperation Training Manual sabapter 2.4.12 stated
2.4.12 UNSATISFACTORY PERFORMANCE

In the event a pilot fails to demonstrate competence in a section of a check or does
not satisfactorily complete a checkh&k Airman (CCP) notifications must be

13 Off block is the time when the aircraftars pushbackor when pushback is not required means when tteeadti starts
taxi.

14NO GO lItem is item(s) of equipment(s) or instrument(s) which unserviceable, failure or absence from an aircraft, prohibits
take off according to the regulation or operating rule.
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made immediately to the Crew Scheduling Officer, Head of Training, Chief Pilot
and DO to ensure that the crew membendat assigned to operate, nor does he
operate, any Company aircraft or flight, until he has gattorily been retested

for the section or whole of the check, as applicable.

When a CCP decides that a pilot has failed during coursea dfeck, the check
shall be terminated. The time remaining in the session may be used as training
provided that the andidate is advised at the time of failure upon the completion of
the training flight the candidate is debriefed on the reason of the failure.

Following an unsasfactory Base Training/ Check, the pilot shall not be submitted
to a series of raest in theitem(s) concerned until he has undergone a period of
training and has attained a satisfactory standard during that training.

For Administration Refer to Supplemal/ Additional Training (Simulator or
Flying) chapter 2.5.9.

2.5.9 SUPPLEMENTAL/ ADDITIONALRAINING (SIMULATOR OR FLYING)
2.5.9.1 GENERAL

In  addition to the training described elsewhere in this manual,
Supplemental/Additional Training will be carriedtan the following cases:

1 Supplemental Training after a failure of a Base Check, Periodic ¢eoity
Check, Line Check or Annual line Check;

1 Additional Training during Conversion Training or after unsatisfactory
performance during Recurrent Training/LOFT.

1 The pilot has been through an accident/incident and required by the DGCA to
perform correctivdraining.

9 Recommendation from fleet and SSQ as a result of FDA accident.
The fleet determines the type and amount of training to be administered to the Pilot.

Supplemental/ Additional Training are subject to approval by Head of Training,
however he/she aiy delegate the authority to respective Fleet Training Manager. In
certain situations, the Training Review Board may convene to decide whether
supplemental/ additional training should be approved and, if approved, the amount
of training.

Based on the disegion with the Lion Air management, the Lion Air policy for
flight crew assessed of having inability to perform minimum requirement during
training was that the flight crew would be treated with briefing or rehearsal.

Thetraining manual described the pnlifor flight crew assess as unsatisfactory or
fail the test. However, thavestigation could not find thpolicy for flight crew
assessed of having inability perform minimum requirement for single assessment
item which general result is satisfactory.
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1.17.1.3 Flight Crew Operations Manual (FCOM)

Nor mal Procedur e Chapter, cefacteis@n s21
APrel i mfhaghwt PCaptainl wdediirstpadOrfti:i cé&r C

,,,,,,,

Mai ntenance document sééééeééé. Check
MAI NT | ight éééééee. Verify extinguished
STALL WARNING TES switchers. Push and hold, one at a time

Verify that each control column vibrates when the respective switch is
pushed.

Note: The stall warning test requires that AC transfer busses are powered for
up to 4 minutes.

Note: With hydraulic power offthe leading edge flaps can droop enough to
cause an asymmetry signal, resulting in a failure of the stall warning system
test. Should this occur, obtain a clearance to pressurize the hydraulic system,

pl ace the ABO msQNsanceretracethdaps.tWien ftaps @are
retracted repeat the test. At the cc
electric pump AOFFO.

Al so in that same chapter, ItChptaeadi agn
in part:
Engine start | everséééééeeeeéeéeéCUTOFF

STABI LI ZER TRI M cutout switchesééé. . N

Appendi x, Section 1i1RG@I ilc yidoyv eg t&tatdard® hii 1 o
calls enhance crew awareness andocdination, and are standardized to remove
ambiguityé They must b-romal gperdtion..fhedrbad nor
policy regarding standard calls in flight is that the Pilot Flying (PF) shall make all

FMA calls and requests for mode changes, configuration changes, checklists and
decision calls, as he is responsible for the aircraft flightipahe Pilot Monitoring

(PM) shall make all ot her calls since
awareness. If a call is missed by the responsible crewmember, it shall be made by
the other. o

Section 1.13.3 AStandargdida@e:l | so6 provi de
Pilot Flying
The following request calls are made by the Pilot Flying (PF):
1. Configuration requests
2. Thrust requests
3. MCP requests
4. Checklist requests

Decision calls are made by the PF. They are in effect statements of intention.
The compulsory calls are listed below. It must be appreciated that any other
decision calls can be made by the PF if he thinks that the information is
important and enhances CRM. This becomes patrticularly relevant during non

normal procedures.
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Pilot Monitoring

The Pilot Monitoring (PM) will make all the following calls:
Altitude calls

Speed calls

Approach Parameter Deviation calls

A

Instrument calls
5. Lighting calls

If a call is valid and understood, it is acknowledged by the corresponding
crewmember with the appropriate response. This does not apply to the V1 and
VR calls as the response is a standard action. If a standard call or FMA call is
responded to by another standard call
omitted. Calls made by thauto-callout system are not to be made by the PM
unless the system is inoperative or fails to make the call

1.17.1.4 Flight Crew Training Manual (FCTM)

The Flight Crew Training Manual, Chapt ¢
part, the following:

Rotation and Liftoff - All Engines

Takeoff speeds are established based on minimum control speed, stall speed, and
tail clearance margins. Shortdrodied airplanes are normally governed by stall
speed margin while longdrodied airplanes are normally limited Igil clearance
margin. When a smooth continuous rotation is initiated at VR, tail clearance
margin is assured because computed takeoff spegidtatkin the Pl Chapter of

the FCOM, airport analysis, or FMC, are developed to provide adequate tail
clearance

Above 80 knots, relax the forward control column pressure to the neutral position.
For optimum takeoff and initial climb performance, initiate a smooth continuous
rotation at VR toward 15° of pitch attitude. However, takeoffs at low thrust setting
(low excess energy) will result in a lower initial pitch attitude target to achieve the

desired climb speed.

The use of stabilizer trim during rotation is not recommended. After liftoff, use the
attitude indicator, or indications on the PFD or HUD (HUD equippatplanes),

as the primary pitch reference. The flight director, in conjunction with indicated

airspeed and other flight instruments is used to maintain the proper vertical flight
path.

Note: The flight director pitch command is not used for rotation.

With a consistent rotation technique, where the pilot uses approximately equal
control forces and similar visual cues, the resultant rotation rate differs slightly
depending upon airplane body length.

Note: Do not adjust takeoff speeds or control forces tmpensate for increased
body length.
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Using the technique above, resultant rotation rates vary from 2° to 3° per second
with rates being lowest on longer airplanes. Liftoff attitude is achieved in
approximately 3 to 4 seconds depending on airplane weighthauast setting.

Chapter-N®rimddén Operationso stated in par

Aircrews are expected to accomplish Néarmal Checklists (NNCs) listed in the
QRH. These checklists ensure maximum safety until appropriate actions are
completed and a safe landing is angdished. Techniques discussed in this chapter
minimize workload, improve crew coordination, enhance safety, and provide a
basis for standardization.

When a nomormal situation occurs, the following guidelines apply:

1 Nonnormal recognition The crewmemberecognizing the malfunction calls it
out clearly and precisely

1 Maintain airplane contral It is mandatory that the Pilot Flying (PF) fly the
airplane while the Pilot Monitoring (PM) accomplishes the NNC. Maximum use
of the auteflight system is recommeraieo reduce crew workload

1 Analyze the situation NNCs should be accomplished only after the
malfunctioning system has been positively identified. Review all caution and
warning lights to positively identify the malfunctioning system(s)

1 Take the proper amn: Although some Hilight nonnormal situations require
immediate corrective action, difficulties can be compounded by the rate the PF
issues commands and the speed of execution by the PM. Commands must be
clear and concise, allowing time for acknowledgnt of each command prior to
issuing further commands. The PF must exercise positive control by allowing
time for acknowledgment and execution. The other crewmembers must be
certain their reports to the PF are clear and concise, neither exaggerating nor
understating the nature of the nowrmal situation. This eliminates confusion
and ensures efficient, effective, and expeditious handling of thenaroral
situation

1 Evaluate the need to landf the NNC directs the crew to plan to land at the
nearest suithle airport, or if the situation is so identified in the QRH, diversion
to the nearest airport where a safe landing can be accomplished is required. If
the NNC or the Checklist Instructions do not direct landing at the nearest
suitable airport, the pilot mst determine if continued flight to destination may
compromise safety.

Landing at the Nearest Suitable Airport(page 8.4)

In a nonnormal situation, the pilein-command, having the authority and
responsibility for operation and safety of the flight, mmsike the decision to
continue the flight as planned or divert. In an emergency situation, this authority
may include necessary deviations from any regulation to meet the emergency. In all
cases, the pilein-command is expected to take a safe coursetiminac

The QRH assists flight crews in the decisioaking process by indicating those
situations where Al anding at the near e:¢
to divert to the nearest suitable airport, the guidance materic#yly specifies

that the pil ot should select the near es
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terms of time. o In selectingindorhnandne ar
should consider the suitability of nearby airports in terms of facilities and weather
and thér proximity to the airplane position. The pitat-command may determine,
based on the nature of the situation and an examination of the relevant factors, that
the safest course of action is to divert to a more distant airport than the nearest
airporte

Flight Instruments, Displays: Airspeed Unreliable(page 8.19)

€ Increased reliance on automation has-atephasized the practice of setting
known pitch attitudes and thrust settings. However, should an airspeed unreliable
incident occur, the flight crew shalilbe familiar with the approximate pitch
attitude and thrust setting for each phase of flight. This familiarity can be gained by
noting the pitch attitude and thrust setting occasionally during normal flight. Any
significant change in attitude from the iatle normally required to maintain a
particular airspeed or Mach number should alert the flight crew to a potential
airspeed problem.

If abnormal airspeed is recognized, immediately set the target pitch attitude and
thrust setting for the aircraft configation from the Airspeed Unreliable memory
items. When airplane control is established, accomplish the Airspeed Unreliable
NNC. The crew should alert ATC if unable to maintain assigned altitude or if
altitude indications are unreliable. The following asqfimns and requirements
were used in developing these memory items:

1 The memorized settings are calculated to work for all model/engine
combinations, at all weights and at all altitudes.

1 The flaps up settings will be sufficient such that the actual airspmadins
above stick shaker and below overspeed.

1 The flaps extended settings will be sufficient such that the actual airspeed
remains above stick shaker and below the flap placard limit.

1 The settings are biased toward a higher airspeed as it is better & & high
energy state than a low energy state.

1 These memorized setting are to allow time to stabilize the airplane, remain
within the flight envelope without overspeed or stall, and then continue with
reference to the checklist.

1 Settings are provided ffdflight with and without flaps extended. The crew
should use the settings for the condition they are in to keep the airplane safe
while accessing the checklist.

The memorized pitch and thrust setting for the current configuration (flaps
extended/flaps up)should be applied immediately with the following
considerations:

1 The flaps extended pitch and thrust settings will result in a climb.

1 The flaps up pitch and thrust settings will result in a slight climb at light
weights and low altitudes, and a slight dest at heavy weights and high
altitudes.

1 At light weight and low altitude, the true airspeed will be higher than normal,
but within the flight envelope. At heavy weight and high altitude, the same
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settings will result in airspeed lower than normal crusé within the flight
envelope.

1 The goal of these pitch and power settings is to maintain the airplane safely
within the flight envelope, not to maintain a specific climb or level flight.

1 The current flap position should be maintained until the memory @it
thrust settings have been set and the airplane stabilized. If further flap
extension/flap retraction is required refer to-QRH Airspeed Unreliable
table.

In order to determine if a reliable source of indicated airspeed is available, the
Airspeed Ureliable checklist says "When in trim and stabilized, cross check the
captain, first officer and standby airspeed indicators." The intent of this statement is
for the pilot flying to set the pitch attitude and thrust setting from th@RH
Flight With Unrliable Airspeed table and allow the airplane to stabilize before
comparing the airspeed indications to those shown in the table.

The airplane is considered stabilized when the thrust and pitch have been set, and
the pitch is trimmed with no further trimavement needed to maintain the pitch
setting. This is not an instantaneous process, and must be complete before
comparing indicated and expected airspeeds for accurate results.

If it is determined that none of the airspeed indicators are reliable, th@RM
tables should be used for the remainder of the flight. Flight crews need to ensure
they are using the table and values appropriate for phase of flight and airplane
configuration.

1 When changing phase of flight or airplane configuration, make initialsthru
change, set pitch attitude, configure the airplane as needed, then recheck thrust
and pitch, and trim as needed. Do not change configuration until the airplane
is trimmed and stabilized at the current configuration.

If the flight crew is aware of the gblem, flight without the benefit of valid airsplee
information can be safely conducted and should present little difficulty. Early
recognition of erroneous airspeed indications requires familiarity with the
interrelationship of attitude, thrust settingné airspeed. A delay in recognition
could result in loss of airplane control.

Ground speed information is available from the FMC and on the instrument
displays. These indications can be used as a crosscheck. Many air traffic control
radars can also measerground speed.

For airplanes equipped with an Angle of Attack (AOA) indicator, maintain the
anal og needle at approximately the thre
maneuver speed or approach speed for the existing airplane configuration

1.17.1.5 Quick Reference Handbook (QRH)

The Lion Air 737 Flight Crew Operations Manual, Checklist instructions, Chapter
Cl, Section 2, dated June 15, 2017, stated in part, the following:

The nomnormal checklists chapter contains checklists used by the flight crew to
manage nonnormal situationg .
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Most checklists correspond to a light, alert or other indication. In most cases, the
MASTER CAUTIONNnd system annunciator lights also illuminate to indicate the
non-normal condition.

All checklists have condition statemerie condition statement briefly describes
the situation that caused the light, alert or other indication.-dsmunciated
checklists also have condition statements to help in understanding the reason for
the checkilist.

Some checklists have objective stadats. The objective statement briefly describes
the expected result of doing the checklist or briefly describes the reason for steps in
the check list.

Check lists can have both memory and reference items. Memory items are critical
steps that must be dorefore reading the checklist. The last memory item is
followed by a dashed horizontal line. Reference items are actions to be done while
reading the checklist.

Some checklists have additional information at the end of the checklist. The
additional informdion provides data the crew may wish to consider. The additional
information does not need to be read.

Checklists that need a quick response are listed in the Quick Action Wwidetx

also available on the QRH cover page.each system section, Quick Actiindex
checklists are listed first, followed by checklists that are not in the Quick Action
Index. The titles of Quick Action Index checklists are printed in bold type. Checklist
titles in upper case (such as AUTO BRAKE DISARM) are annunciated by ,a light
alert, or other indication. Checklist titles in upper and lower case (such as Window
Damage) are not annunciated.

Non-Normal Checklist Operation

Nonnormal checklists start with steps to correct the situation. If needed,
information for planningtherestf t he fl i ght is included

While every attempt is made to supply needed manmal checklistsit is not
possible to develop checklists for all conceivaltigagions. In some multiple failure
situations, the flight crew may need to combine the eleménsoce than one
checklist. In all situations, the captain must assess the situation and use good
judgment to determine the safest course of action.

It should 2 noted that, in determining the safest course of action, troubleshooting,
l.e., taking steps bewd publishd nonnormal checklist steps, may cause further
loss of system function or system failure. Troubleshooting should only be
considered when completion of the published-mormal checklist results in an
unacceptable situation.

There are some sitions wherethe flight crew must land at the nearest suitable
airport. These situations include, but are not limited to, conditions where:

 the nofinormal chek | i st i ncludes t he item API
suitable airport.o

1 fire or smoke continues
71 only one AC power source remains (engine or APU generator)
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only one hydraulic system remains (the standby system is considered a
hydraulic system)

any other sthationdetermined by the flight crew to have a significant adverse
effect on safety if the fligint continued.

Nori normal checklists also assume:

T

During engine start and before takeoff, the associated mmmal checklist is
done if a nomormal situation is identified. After completion of the checklist,
the Dispatch Deviations Guide or operator eguent is consulted to
determine if Minimum Equipment List dispatch relief is available.

System controls are in the normal configuration for the phase ot thgtore
the start of the ndmormal checkilist.

If the MASTER CAUTION and system annunciatort$iglluminate, all related
amber lights are reviewed to assist in recognizing the cause(s) of the alert.

Aural alerts are silenced and the master caution system is reset by the flight
crew as soon as the cause of the alert is recognized.

The EMERGENCY pdsin of the oxygen regulator is used when needed to
supply positive pressure in the masks and goggles to remove contaminants. The
100% position of the oxygergulator is used when positive pressure is not
needed but contamination of the flight deck ais&x The Normal position of

the oxygen regulator is used if prolonged use is needed and the situation
allows. Normal boom microphone operation is restored when oxygen is no
longer in use.

Indicator lights are tested to verify suspected faults.

In flight, reset of a tripped circuit breaker is not recommended. However, a
tripped circuit breaker may be reset once, after a short cooling period
(approximately 2 mirtes), if in the judgment of the captain, the situation
resulting from the circuit breaker trip I8aa significant adverse effect on safety.
On the ground, flight crew reset of a tripped circuit breaker should only be
done after maintenance has determined that it is safe to reset the circuit
breaker.

Flight crew cycling (pulling and resetting) of a auit breaker to clear a non
normal condition is not recommended, unless directed by anaonal
checklist.

Noni Normal Checklist Use

Non normal checklist use starts when the airplane flight path and configuration are
correctly established. Only a few sititms need an immediate response (such as
CABIN ALTITUDE WARNING or Rapid Depressurization). Usually, time is
available to assess the situation before corkecaction is started. All actions must
then be coordinated under the captain's supervision amk do a deliberate,
systematic manner. Flight path control must never be compromised.

When a nohnormal situation occurs, at the direction of the pilot flyirmpth
crewmembers do all memory items in their areas of responsibility without delay.
The pilot fying calls for the checklist when:

T

theflight path is under control
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1 the airplane is not in a critical phase of flight (such as takeoff or landing)
1 all memoryitems are complete.

The pilot monitoring reads aloud:
9 thechecklist title
1 the airplane effectiwt (if applicable) as needed to verify the correct checklist

1 as much of the condition statement as needed to verify that the correct checklist
has been selected

1 as much of the objective statement (if applicable) as needed to understand the
expectedesult d doing the checkilist.

The pilot flying does not need to repeat this information but auistowledge that
the information was heard and understood.

For checklists with memory items, the pilot monitoring first verifies that each
memory item has been donEhe cheklist is normally read aloud during this
verification. The pilot flying does not need to respond except for items that are not
in agreement with the checklist. The item numbers do not need to ée.read

Nonmemory items are called reference iteffise pilotmonitoring reads aloud the
reference items, including:

1 theprecaution (if any)
1 the response or action
1 any amplifyingnformation.
The pilot flying does not need to repeat this information but must acknowledge that

the information was heard and derstood.The item numbers do not need to be
read.

With the airplane in flight or in motion on the groutite pilot flying and the pilot
monitoring take action based on Ateach cI
moving the control, the crewmember itak the ation also states the checklist
response.

The pilot flying may also direct reference checklists to be done by memory if no
hazard is created by such action, or if the situation does not allow reference to the
checklist.

Each checklist has a chekl compkte symbol at the end. The following symbol
indicates that the checklist is complete:

After completion of each némormal checklist, the pilot momitr i ng st at es
CHECKLI ST COMPLETE. o

107



Lion %’ air
737 Flight Crew Operations Manual

737

Quick Reference Handbook
Quick Action Index

Aborted Engine Start........ccov i 7.1
Airspeed Unreliable......... 10.1
APU FIRE ..o r e n e e 8.1
CABIN ALTITUDE WARNING.......... 2.1
Emergency Descent..........ccccvueannne 0.1
ENGINE FIRE...ociiiiiiuueeeeaaaaenenneeeeaannnneeaeaannns 8.2
Engine Limit or Surge or Stall ........cccviivieeens 7.2
ENGINE OVERHEAT ..oeeme i mneraaes 8.6
Engine Severe Damage or Separation .......... 8.2
Engine Tailpipe FIre ...cccciiiiciviviiiiiicnsssnisnnnnns 8.8
Evacuation ......ccevuennias Back Cover.2
LANDING CONFIGURATION.......cccueeeeannnnnns 15.1
Loss Of Thrust On Both Engines.........cccvueeus 7.6
Rapid Depressurization................. 2.1
Runaway Stabilizer ... .. 9.1
Smoke, Fire or Fumes .......cccevuueee 8.10
TAKEOFF CONFIGURATION ....cooveuueeeeannen 15.1
WARNING HORN (INTERMITTENT) ............ 15.2
WARNING LIGHT - CABIN ALTITUDE OR
TAKEOFF CONFIGURATION.....cccvnieeeieiaees 15.2

Figure 31: QRH cover pagecontains Quick Action Index

The Lion Air, 737 Flight Crew Operations Manual, Chapter NNC, Section 10
AFl i ght I nstrument s, Di spl ag fooan gASo v i d ¢
DISAGREE message:

IAS DISAGREE —

Condition: The IAS DISAGREE alert indicates the
captain’s and first officer’s airspeed
indications disagree.

» » Go to the Airspeed Unreliable checklist on
page 10.1

Figure 32 Indicated Airspeed DisagreglAS Disagree) Non normal checklist
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—_— Airspeed Unreliable —

Condition: Ajrspeed or Mach indications are suspected
to be unreliable. (Items which might indicate
unreliable airspeed are listed in the
Additional Information section.)

Objective: To identify a reliable airspeed indication, if
possible, or to continue the flight using the
Flight With Unreliable Airspeed table in the
Performance Inflight chapter.

1 Autopilot (ifengaged). . ........... Disengage
2 Autothrottle (if engaged). .. ... .. ... Disengage
3 F/D switches (both) . ... .... ... ... . ... OFF
4 Set the following gear up pitch attitude and thrust:
Flaps extended .......... 10° and 80% N1
Flapsup . ............... 4° and 75% N1
PROBE HEAT switches. . ... ... ... .. Check ON
6 The following are reliable:
Attitude
N1

Ground speed
Radio altitude

Note: Stick shaker, overspeed warning and
AIRSPEED LOW alerts may sound
erroneously or simultaneously.

¥ Continued on next page ¥

Figure 33: Airspeed Unreliable NonrNormal checklist page 1
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¥ Airspeed Unreliable continued ¥

Note: The Flight Path Vector and Pitch Limit
Indicator may be unreliable.

7 Refer to the Flight With Unreliable Airspeed table in
the Performance Inflight chapter and set the pitch
attitude and thrust setting for the current airplane
configuration and phase of flight.

8 When in trim and stabilized, cross check the
captain, first officer and standby airspeed
indicators. An airspeed indication that differs by
more than 20 knots or 0.03 Mach from the airspeed
shown in the table should be considered
unreliable.

9 Choose one:
Reliable airspeed indication can be determined:

Use the most reliable airspeed source for
the remainder of the flight.

» > Go to step 10

Reliable airspeed indication can not be
determined:

» > Go to step 14

¥ Continued on next page ¥

Figure 34: Airspeed Unreliable NonNormal checklist page 2
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Y Airspeed Unreliable continued ¥

10 Choose one:

Captain’s or First Officer’s airspeed indication
is reliable:

»» Go to step 11

Only the standby airspeed indication is
reliable:

Note: Do not use the autopilot,
autothrottle, or flight directors.

Do not use TO/GA for a go-around
or missed approach.

> » Go to step 17

11 Flight director switch (reliable side) ........ ON
12 Autopilot (reliable side). .. ........... Engage
13 Transponder selector .. ... .. Select reliable side

Note: Do not use the autothrottle.
» »Go to step 17

14 Set pitch attitude and thrust from the Flight With
Unreliable Airspeed table in the Performance
Inflight chapter for the airplane configuration and
phase of flight, as needed.

15 Check the Non-Normal Configuration Landing
Distance table in the Advisory Information section
of the Performance Inflight chapter.

¥ Continued on next page ¥V

Figure 35: Air speed Unreliable Non-Normal checklist page 3

111



¥ Airspeed Unreliable continued ¥

Note: Maintain visual conditions if possible.
Establish landing configuration early.

Radio altitude reference is available below
2,500 feet.

Use electronic and visual glideslope
indicators, where available, for approach and
landing.

Do not use the the autopilot, autothrottle, or
flight directors.

Do not use TO/GA for a go-around or missed
approach.

16 Transponder mode selector . . . . ... ... TA ONLY
17 Choose one:
Altitude is reliable:

EEERN
Altitude is unreliable:

Transponder mode
selector .............. ALT RPTG OFF

¥ Continued on next page ¥

Figure 36: Airspeed Unreliable NonNormal checklist page 4

¥ Airspeed Unreliable continued ¥
messsssss - Additional Information s———

One or more of the following may be evidence of
unreliable airspeed or Mach indications:

eSpeed/altitude information not consistent with pitch
attitude and thrust setting

*SPD failure flag

*SPD LIM failure flag

*IAS DISAGREE alert

eBlank or fluctuating airspeed display

eVariation between captain and first officer airspeed
displays

eRadome damage or loss

eQverspeed warning

eSimultaneous overspeed and stall warnings.

Figure 37: Airspeed Unreliable NonNormal checklist page5

The Lion Air, 737 Flight Crew Operations Maal, ChaptePl-QRH, Section 10
APer f or man-c@RHION fplripeirhthecd charts showing the pitch
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attitude, engine power (%N1) and airspeed for level flight at various aircraft
weights and altitudes chart

Flight With Unreliable Airspeed’/ Turbulent Air Penetration
Altitude and/or vertical speed indications may also be unreliable.
Holding (VREF40 + 70)

Flaps Up, Set Thrust for Level Flight

WEIGHT (1000 KG)
PRESSURE ALTITUDE (FT) = = - - = 5
PITCHATT 35 50 55 50 55 50
15000 24N1 490 545 59.1 632 668 701
KIAS 178 191 206 224 240 254
PITCHATT 45 50 55 55 - 55
10000 %N1 467 51.0 55.1 59.0 626 65.7
KIAS 178 191 206 222 238 253
PITCHATT 50 50 55 55 55 53
5000 %N1 437 478 51.7 553 588 61.9
KIAS 178 191 204 222 237 251
Terminal Area (5000 FT)
Set Thrust for Level Flight
- , WEIGHT (1000 KG)
FLAF/GEAR POSITION o = = = = 5
, PITCHATIT | 45 50 55 5.0 6.5 6.5
FLM&E’__RUEPF&GDE% UF) 0GN1 430 471 50.9 545 57.9 611
: KIAS 176 189 201 211 223 235
T PITCHATT | 45 50 55 6.0 6.0 6.0
PL"‘;%;E’?&%]UP] 9N1 451 494 534 57.0 60.6 64.1
KIAS 156 169 181 191 203 215
,, PITCHATT | 55 55 6.0 5 6.5 6.0
FLA;%ESDE;’;%]UP] 2N1 447 49.4 53.6 574 612 647
KIAS 136 149 161 171 183 105
PITCHATT| 5.0 50 55 55 55 55
FLAPS I3 (GEARDOWIN)| 4 0y 502 553 60.2 64.6 68.6 724
'REF40+20 - . - : . =
. ) KIAS 126.4 130.1 151.2 1613 1727 185.1
Final Approach (1500 FT)
Gear Down, Set Thrust for 3° Glideslope
) - WEIGHT (1000 KG)
FLAP POSITION 20 50 %0 70 80 90
PITCH ATT 15 15 70 70 70 10
(\Eaﬁijfn) %N1 36.1 9.6 430 453 486 511
KIAS 128 142 155 166 176 187
PITCHATT 05 05 03 1.0 1.0 1.0
(\fﬁﬁszﬂ) 9N1 410 454 493 528 55.9 58.9
KIAS 122 135 148 159 169 178
PITCHATT 03 0 0.0 0.0 0.0 05
(\%‘*ﬂ%j?ﬂ) %N1 456 50.5 548 58.6 625 66.4
KIAS 116 129 141 151 163 175
Flap placard speed exceeded in shaded area.

Figure 38: Flight with unreliable Airspeed/Turbulence Air Penetration Chart
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The Lion Air, 737 Flight Crew Operations Manual, Chapter NNC, Section 10

AFl i ght I nstrument s, Di s pidaacg $op an pALTo v i d €
DISAGREE

ALT DISAGREE —

Condition: The ALT DISAGREE alert indicates the
captain’s and first officer’s altitude
indications disagree by more than 200 feet.

1 Check all altimeters are set to correct barometric
setting for phase of flight.

2 Choose one:
ALT DISAGREE alert extinguishes:
Continue normal operation.
EEERN

ALT DISAGREE alert stays illuminated:
»» Go to step 3

3 Airplane does not meet RVSM airspace
requirements.

Standby altimeter is available.
Do not use the flight path vector.

Maintain visual conditions if possible.

¥ Continued on next page ¥

Figure 39: Altit ude (ALT) disagree NorrNormal checklist pagel
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VY ALT DISAGREE continued ¥

7 Choose one:
A reliable altitude can be determined:

Transponder selector . . ... ... ... Select
reliable side

»»Go to step 8

A reliable altitude cannot be determined:

Transponder mode
selector .. ............ ALT RPTG OFF

»»Go to step 8

8 Checklist Complete Except Deferred Items

meeesssssss  Deferred Items sossssss
Review before descent:

Establish landing configuration early

Radio altitude reference is available below 2,500 feet

Use electronic and visual glideslope indicators, where
available, for approach and landing.

EEEN
Figure 40: Airspeed Unreliable NonNormal checklist page 2

The Lion Air, 737 Flight Crew Operations afiual, Chapter NNC, Section 10
AFl i ght l nstr ument «,folloRingsgpitlancg $00 an pAOA v i d €
DISAGREE

AOA DISAGREE —

Condition: The AOA DISAGREE alert indicates the left
and right angle of attack vanes disagree.

1 Airspeed errors and the IAS DISAGREE alert may
occur.

2 Altimeter errors and the ALT DISAGREE alert may
occur.

EEEE
Figure 41. Angle of Attack (AOA) DisagreeNon-Normal Checklist
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The Boeing, 737 Flight Crew OperationaM ual , Chapter NNC, S
Control so provi de dorarbmsvayfstabilizerarinc ng gui dan

—_— Runaway Stabilizer —

Condition: Uncommanded stabilizer trim movement
occurs continuously.

Control column. . .. ............. Hold firmly
2 Autopilot (ifengaged). ... ......... Disengage
Do not re-engage the autopilot.

Control airplane pitch attitude manually with
control column and main electric trim as
needed.

3 Autothrottle (if engaged). . . ... ... .. Disengage
Do not re-engage the autothrottle.
4 If the runaway stops after the autopilot is
disengaged:
EEEN

5 If the runaway continues after the autopilot is

disengaged:
STAB TRIM CUTOUT
switches (both) . ... ............ CuTOouUT
If the runaway continues:
Stabilizer
trim wheel .. ........ Grasp and hold
6 Stabilizer. . ................. Trim manually

7 Anticipate trim requirements.

¥ Continued on next page ¥

Figure 42 Runaway Stabilizer Non-Normal checklist page 1
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¥ Runaway Stabilizer continued ¥

8 Checklist Complete Except Deferred Items

— Deferred Items —
Descent Checklist

Pressurization. . . .............. LAND ALT __
Recall ...... ... ... ... ... ....... Checked
Autobrake . ... ... ... .. Lo -
Landingdata ......... VREF ___, Minimums ____
Approach briefing . ... ............ Completed

Approach Checklist
Altimeters . ... ... .. ... ...

Airspeed and Trim

Establish correct airspeed and in-trim condition early
on final approach.

Landing Checklist

ENGINE START switches . ... ........... CONT

Speedbrake . ..... ... .. ... .. ... ARMED

Landinggear . ......... ... Down

Flaps. . ..... ... ... ........ _, Green light
EEENE

Figure 43 Runaway Stabilizer NonNormal checklist page 2

The Boeing, 737 Flight Crew Operations Manual, Chapt&§fC, Secti on 9
Controlso provided the following guidan

FEEL DIFFERENTIAL
PRESSURE
Condition: High differential pressure is measured by the
elevator feel computer.

Note: Column forces can be significantly higher
than normal, particularly during landing
flare.

The autopilot can disengage when pitch
changes are commanded.

Do not attempt an autoland.

1 Continue normal operation.
EEENE

Figure 44: Feel Differential Pressure NorNormal chedlist
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1.17.1.6

A. Observed Faults are the problem symptoms (other than Status messages) that can

1.17.1.7

Fault Reporting Manual (FRM)

The BoeingCompanyprovides Fault Reportinglanual (FRM) and the Interactive
Fault Isolation Manual (IFIM) which togetherovidesa structured method for the
aircraft operator to report and correct faultsamcraft systems. The manuals are
linked by a unique 8ligit fault code for each fault.

The FRM is primarily for the flght crews and the cabin crews and contains three
alphabetical lists of faults, with a fault code for each fault. While the IFIM is for the
maintenace crews which gives a fault isolation procedure for each of the faults.

The faults divided as:

be observed by the flight crew or the maintenance crew. These include:
@ Fault alerts and annunciations on
(b) Engine exceedancesn t he pil ot és displ ay
(c) Failure flags on the navigation display
(d) Flight crew observations in the flight deck
(e) Flight crew observations during the ghght inspecions
()  Servicing crew observations
(g) Cargo loading crew observations
(h) Ground maintenance crew observations.

B. Status Messages are the status messag:¢

C. Cabin Faults are the problem symptoms which can owtthrthe systems and
equipment in the passenger cabin.

The FRM can be used topart faults by the flight crew when a fault occurs. The
fault code can be found on the applicable section and look for the text which
matches the fault. The flight crew or cabin crew shall write the fault code in the
aircraftlog book.

The fault code cabe sent ahead to the destination beforatteaftlands, to allow
the maintenance crew to prepare for isolation of the fault by voice radio or Aircraft
Communications Addresng and Reporting System (ACARS).

Minimum Equipment List

At the time of the oaarrence, the Lion Air MEL for Boeing 733 (MAX)
identified as document number EBM-04-07 published on revision 02 issued on
16 April 2018 which was approved by Indonesia DGCA on 22 May 2018. The Lion
Air MEL of Boeing 7378 MAX was referring to the Boegn Master Minimum
Equipment List (MMEL) revision 1.

In the preamble of the Lion Air MEL, the equipment related to the airworthiness
and the operating regulations of the aircrasftrequired to be operative. The
statement is as follows:
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A Master Minimum Eqpment List (MMEL) is developed by the FAA, with
participation by the aviation industry, to improve aircraft utilization and thereby
provide more convenient and economic ainsport for the public.

The FAA approved MMEL includes those items of equipmelsted to
airworthiness and operating regulations and other items of equipment which
Administrator finds may be inoperative and yet maintain an acceptable level of
safety by apropriate conditions and limitations; it does not contain obviously
required itans such as wings, flaps, and rudders.

It is important to remember that all equipment related to the airworthiness and
the operating regulations of the aircraft not listed the PT. LION AIR MEL must
be operative

TheBoeing 7378 (MAX) MEL did notlist theindicated airspeedndaltimeter.
1.17.1.8 Safety Management System Manual

The Lion Air safety policy dated5 January 2015, in the Safety Management
System Manual (SMSM), daté&d. February 2018, regarding safety report described
that senior management isncmitted to:

1 Mandating and facilitating safety as major part of individual responsibility
involving all departments, business partners, contractors, and suppliers with no
exception, whatever their position and hierarchical status.

1 Performing the process &t¥ risk and hazard management associated with the
company operations through the implementation and continuous improvement of
Safety Management System.

1 Evaluating the achievement level periodically using measured performance
indicators against the prdetermined realistic objectives and/or targets through
management reviews.

1 Ensuring that all staff is provided with adequatedaappropriate information,
training, competency, and provision of necessary resources of safety standards.

1 Developing and encouraginthe safety reporting culture to all employees by
ONePruni tived policy that wildl gtheanr ant e
However, illegal activity, willful or deliberate violations will not be tolerated.

This Safety Policy reflects the companynaatment to the safety culture and issued
under the authority of the highest level of management in the organization

The SMSM subchapter 1.3 defines hazard as:

Means condition, object or activity with the potential of causing injuries to
personnel, damag® equipment or structures, loss of material, or reduction of
ability to perform a prescribed function. Mitigation meansaswges to address
the potential hazard or to reduce the risk probability or severity.

That same section defines just culture as:

Mears a culture in which fronline operators or other persons are not punished
for actions, omissions or decisions taken by them that are commensurate with
their experience and training, but in which gross negligence, willful violations
and destructive actsra not tolerated.
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The SMSM subchapter 3.1 described that:

Lion Air has operational safety reporting system that is impteéetethroughout the
organization in a manner that:

1 Encourages and facilitates personnel to submit reports that identify safety
hazards, expose safety deficiencies and raise safety concerns;

1 Ensures mandatory reporting in accordance with applicable reguiati

1 Includes analysis and management action as necessary to address safety issues
identified through the reporting system.

Lion Air Safety management systems involve the reactive and proactive
identification of safety hazards. Reporting systems is nbtgstricted to incidents

but include provision for the reporting of hazards, i.e. unsafe conditions that have
not yet caused an iradent.

Lion Air maintains a just reporting policy and encourages the utilization of the
reporting system for the purpose for which it is intended. To identify and reduce the
hazards associated within the aviation
report hazards, occurrences, or incidents that may become an accident.

Reporting system will facilitate and encourages the reporting of hazards,
deficiencies and safety concerns from personnel at all levels of the organization.
Lion Air recognize that amcknowledgement for each report is essential to build
and maintain confidence in the process and encourage more reporting from all
personnel within the company.

All personnel may report any hazard that has the potential to cause damage or
injury or that threatens the organizations viability. Hazards and incidents should be
reported if it is believed that something can be done to improve safety, other
aviation personnel could learn from the report, the system and its inta@arices
did not woirskedica.s advert

SMSM subchapter 3all 2mpleyess tare éncouragedpt@ regort €
anything that they perceive as a hazard or a threat to safety by any means of
communication. It is the Safety and Security (SS) Department obligation to validate
the reportand provides a mechanism for a review and analysis of each report to
determine whether a real safety issue exists, and if so, ensure development and
implementation of appropriate action by responsible operational managers to
correct the situation.

In the SMSM subchapter 3.3 described occurrences must be reported to the SS
Department reporting system is as follows:
a. General occurrence, which included accident, incident and hazard.

In this subchapter, hazard defined: a situation or condition which, if
uncheked, could lead to a negative outcome. A hazard is not the negative
outcome itself, i.e. it is not an incident or accident.

b. Flight operations and dispatch safety occurrence, which included examples of:

1 Aircraft handling difficulties including abrupt mameer, excessive pitch
attitude, aircraft trim problems, tsommanded roll, or unommanded turn;
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1 Warning System and Air Navigation Service event including warning or
alert, including flight control warnings, door warnings, stall warning (stick
shaker), fie/smoke/fumes warning and stall or stall warning.

c. Cabin operation safety occurrence;

d. Ground operations and cargo safety occurrence;

e. Maintenance and engineering safety events.
The SMSM subchapter 3.4 also described the method to report hazard and
occurrenceéo SS Directorate as follows:

a. Web-based application software which allowed reporter to fill online form of
Safety Hazard and Occurrence Report (SHOR) or Air Safety Incident Report
(ASIR);

b. Paperbased report using Air OperationSafety Hazard & OccurreedReport
(A-SHOR) form available on board the aircraft or in every operation office at
outstation then send the filled form to the SS Directorate office or via email;

c. Report to SS Directorate via email; or

d. Report using short message service/instant megsage) to SSDirectorate
number. The contain of the report must follow the following format:

A Aircraft . registration and aircraft type
D Date . date of occurrence

O Occurrence : chronology of occurrence

R Route . number and flight route

E Evidence : evidence of occurrence

R Reporter : name of reporter

If the report content received by the SS Department is not sufficient as a source to
initiate an investigation, the reporter will be called back to complete the report.

SMSM subchaptem ®df5 RepdRé¢éceptdieccri bed
report is received by the SS Department, in part, as follows:

Upon receiving the reports, safety department will validate and review the report
to determine whether a real safety issue exists and makeafecqiigin whether or

not the report requires an imminent action and need to be resolved immediately.
Feedback will be sent to the reporter as acknowledgement.

If the report is classified as subject to mandatory reporting to the authority, initial
notification shall be made refer to CASR Part 830

The Safety and Security Department personnel who validate and review safety
report worked following normal office hour (Monday to Friday, from 0830 to 1730
LT).

According to the SMSM subchapter 5.2, the Lion Aas risk management
strategies comprises reactive, proactive and predictive strategies. The proactive
strategies included hazard and incident reporting systems to promote identification
of latent unsafe conditions.
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The hazard identification process desed in the SMSM subchapter 5.3 by
providing examples of hazard as follows:

T
T

Design factors, including equipment and task design;

Procedures and operating practices, including their documentation and
checklists, and their validation under actual operatingditons;
Communications, including the medium, terminology and language;

Personnel factors, such as company policies for recruitment, training and
remuneration;

Organizational factors, such as the compatibility of production and safety
goals, the allocatin of resources, operating pressures and the corporate safety
culture;

Work environment factors, such as ambient noise and vibration, temperature,
lighting and the availability of protective equipment and clothing;

Regulatory oversight factors, includinget applicability and enforceability of
regulations; the certification of equipment, personnel and procedures; and the
adequacy of surveillance audits; and

Defenses, including such factors as the provision of adequate detection and
warning system, the errdolerance.

In regards to ensure Lion Air personnel are trained and competent to perform the
SMS duties as part of safety promotion activities, the SMSM subchapter 7.4
described SMS training is mandatory for all operational personnel.

The SMS initial traning is conducted in a period of 8 hours, with syllabus as
follows:

Subject Duration

Introduction:

Concept of safety
Definition of SMS 1 hour
Why SMS is needed

Accountability of SMS

Policy:

Safety policy
Management commitment
Emergency response and aagency plan

1 hour

Risk Management:

Hazard identification
Reporting culture 1 hour
Risk analysis

Risk control and mitigation

Safety Assurance: 2 hours
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1.17.1.9

Subject Duration

Safety objectives
Surveillance, inspections, and safety audit

Safety Promotion:
Safety culture
Safetycampaign
Safety training

1 hour

Group Activities:
Hazard Observation (identification and reporting) 1 hour
Risk Management (assessment, control and mitigal

Examination 1 hour

The initial SMS training material revision @019, described the new s&nweb-
based application software which allowed reporter to fill online form of
Safety/Hazard Observation Report (SHOR) or Air Safety Report (ASR).

Operational personnel must conduct SMS recurrent training periodically not more
than 36 months. The SMSawarent training is conducted in a period of 2 hours,
with syllabus as follows:

Subject Duration
Introduction:
15 minutes
Concept of safety
Policy: .
y _ 15 minutes
Safety policy
Risk Management:
9 30 minutes
Reporting culture
Safety Assurance: 15 minutes
Sakety Promotion: .
y . 15 minutes
Safety training
Examination 30 minutes

The investigation took sample of hazard report record to get better understanding of
the hazard reporting syste@n December 2018, the SS Department received 930
safety reports which corsded of 51 hazard reports and 879 occurrence efddre
occurrence report generally contain report of go around, delay, defect to the aircraft
including aircraft furnishing and unruly passenger

Lion Air Maintenance Management

The Lion Air maintenance amagement was the responsibility of the Maintenance
and Engineering Directorate lead by a Director of Maintenance and Engineering.
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The maintenance performances of all Lion Air fleet subcontracted to an
Approved Maintenance Organization (AMO). The monitg of the daily activity

was conducted by the Quality Control division, Planning and Technical Services
division, and Flight Maintenance Management division that are responsible to
Maintenance and Engineering Director.

Airworthiness responsibility
The QVIM chapter 1.3: applicability and responsibility for airworthiness stated:

(a) Lion air is responsible for the airworthiness of its aircraft, including airframe,
aircraft engines, appliances, and related parts; the performance of the
maintenance, preventive me&enance, and alteration of its aircraft, including
airframes, aircraft engines, appliances, emergency equipment, and related
parts in accordance with the CMM and the CASR Part 43.

(b) Although Lion Air may make arrangements with another person for the
performance of any maintenance, preventive maintenance or alteration,
however, this does not relieve Lion Air of the responsibility specified in
paragraph 121.363 (a).

The Director of Maintenance and Engineerisgassisted by Quality Assurance
Directorate whichresponsible to conduct the quality audit for compliance of the
Indonesia regulations antb oversight the audit process conducted by the
subcontracted AMO.

Maintenance Performance

The Lion Air eligible to conduct the aircraft maintenance with the scestated in

the Authorization, Conditions and Limitation (ACL) approved by the DGCA. The
investigation collected the latest revision of the ACL which was approved by
DGCA on 4 October 2018. The ACL permitted the Lion Air to subcontract the
maintenance pesfmance to another entity.

The subcontracted AMO should conduct the maintenance performance base on the
inspection program set forth in Company Maintenance Manual (CMM) (issued 06,
revision 00, date 27 June 2018) chapter 3 as follows:

3. INSPECTION PROGRA
3.1lInspection

3.1.1General
A This chapter describes the diainspection policies and procedures governing
t he operations of Lion Air pol i ci

organization and Indonesia DGCA requirement ref. to CASR part 121.367.

A Lion Air authorized by its Operations Specification to operate airplanes under
an Approved Maintenance Program (MP). To ensure that airworthiness of an
operated aircraft is properly maintained, the individual Approved maintenance
program (MP) shall be usechd implemented.
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A Lion Air Maintenance & Engineering Quality Control Division is responsible
for ensuring that the aircrafts operated are complying with standard
airworthiness, and fulfill Lion Air requirements.

A The policies and procedures set forth histchapter are intended to guide
Quality Control personnel in the proper fulfillment of their responsibilities.

3.1.2Method of compliance

A All maintenance, preventive maintenance, alteration of the aircraft, engines,
components and appliances for contd airworthiness are carried out by a
contracted and Approved Maintenance Organization, that shall be performed
in accordance with the method techniques as prescribed in the current
manufacturers Maintenance Manuals, Lion Air MP, policy and procedure or
other methods techniques, and practices acceptable to the DGCA.

A Subcontractor6s tool s equi pment and
completion of the work in accordance with accepted industry practices shall be
used. Where special equipment or testampjus is recommended by the
manufacturer involved, that equipment shall be used or apparatus or its
equivalent if acceptable to the Director General must be use.

A Each person performing maintenance, preventive maintenance and alteration
shall do that wok in such manner and use material of such quality that the
condition of the aircrafts, engines, appliances work on shall be in conformity to
Manufacturer approved definition and approved maintenance procedures
(Reference to Manufacturer IPC, AMM, and SRM).

Refer to the ACL that approved on 4 October 2018, &pplicable Continuous
Airworthiness Maintenance Program (CAMi®) Boeing 7378 (MAX) referred to
document number LA CM 02 08, i ssue 02,
The PKLQP aircraftwasnotinclude in the aircraft applicability pagé the CAMP.
PK-LQP listed in the ACL since June 2018.

The Temporary Revision of the CAMP identified as document number
001/B737TMAX/CAMP/VII/2018 dated 13 July 2018 amendthe aircraft list to
include the PKLQP. The temporary revision document was submitted to the DGCA
on 29 August 2018. The investigation did not receive the ACL revision to reflect the
CAMP temporary revision.

The maintenance performances of all Lion Air flae¢ subcontracted to an AMO
which was performed by Batam Aero Technic (BAT) under the contractual
agreement number 039/JT/DE/X1/2014 Amendment 1] or
010/BAT/Agreement/JT/XI/2014 Amendment Il referred as Total Maintenance
Care.
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The Total Maintenance Care agreement covered all LioniAdradt including the
Boeing 7378 (MAX) aircrafthasthe scope of work as follows:

A Scheduled line and base maintenance as specified in the approved Lion Air
CAMP or other instructions for cabin maintenance and in respect of Lion Air
policy for passengedreatment.

A Unscheduled maintenance performance (line and base maintenance findings).
A All deferred defect management and correction to the first opportunity.

A Airworthiness Directives (AD) implementation according to Lion Air schedule
planning.

A All structure repairs of aircraft according to an approved definition.

The Total Maintenance Care agreement mentioned the Continuous Airworthiness
Management agreement (identified as agreement number 038/JT/DE/X1/2014 or
009/BAT/Agreement/JT/X1/2014) which ceved the engineering task for Lion Air
aircraft that are maintained by BAT.

The Lion Air Quality Control department responsible to conduct the supervision of
the inspection activities delegatedtt® BAT at the maintenance base and all line
station facilties. The Lion Air Quality Control shall ensure that Lion Air aircraft
and maintenance procedures comply with regulatory rules and Lion Air standard
concerning airworthiness and safety (Quality Control Procedure Manual chapter
2.3.1 Quality Control Managé&tesponsibility).

The CMM chapter 2.2.4.1: Responsibility stated that thHdeet Maintenance
Management (FMM) Manager is responsible to control and monitor the repetitive
discrepancies and shall coordinate witte BAT Maintenance Control Centre
(MCCQC) include

A Control and monitoring of daily aircraft status issuedh®/BAT MCC for Lion
Air aircraft operational Status (#&raft onGround serviceable or phase check),

A Daily check ofthe BAT MCC aircraft technical status and control for repetitive
discrepan@s to be identified and treated ltge BAT MCC as Deferred
Maintenance Item (DMI),

A Control and monitor technical dispatch reliability, deferred maintenance
activities, and aircraft appearance including repetitive problem correction,
navigation data basd the flight management computer update.

AFML

The description of the maintenance log in chapter 4 of the CMM was as follows:
4.3Maintenance Log

4.3.1General

Discrepancies occurring during line operations of airplanes shall be recorded in
the Lion Air Aiplane Log Book System. The Log Book System consists of 5 (Five)
basic bound volumes carried on board all Lion Air airplanes, they are:

1. Aircraft Flight & Maintenance Log (AFML)
2. Cabin Maintenance Log (CML)
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3. Deferred Maintenance Items (DMI)
4. NonSafety Related Deferred Item (NSRDI)
5. Dent Buckle Chart Supplement (DBCS)

4.3.2 Aircraft Flight and Maintenance Log (AFML) Book
4.3.2.1General

CASR 121.709 provides that each person who takes action in the case of a
reported or observed failure or nfahction of an airframe, engine, or
appliance that is critical to the safety of flight shall make, or have made, a
record of t hat action I n the airpleé
procedure shall apply:

1. Unscheduled Maintenance performed on inveer aircraft shall be
documented in the Aircraft Flight and Maintenance Log book. This
would apply to discrepancies observed during thru flight.

2. Additionally, scheduled maintenance performed on in service aircraft
that is critical to the safety of flig (i.e., engine change, flight control
replacement, etc.) shall be documented in the Aircraft Flight and
Maintenance Log book by which the flight crew would be aware of the
significant maintenance accomplished on in service aircratft.

3. The following proedure addresses the entries required by maintenance
personnel.

Aircraft Flight and Maintenance Log entry procedure:

a. The Captain is responsible for completing the Aircraft Flight and
Maintenance Log entry. However, he may delegate this responsibility to
another crew member.

b. Prior to the flight, Flight Crew shall verify that the AFML is on board in
the aircraft and that it contains a sufficient number of pages for the flight
scheduled.

c. The flight crew will review the AFML for corrective action takem
previous flight irregularities, type of service performed, and maintenance
release, when required.

d. Discrepancies shall be recorded in the AFML. Verbal reporting to
maintenance personnel may be required to add information related to the
discrepanciesecorded in the AFML.

e. Pilot report entry shall contain sufficient detail to assist maintenance
personnel conducting the necessary corrective action, which includes the
De-Icing application at the Airport having icing condition as described
at OM Chapter8.1.4.5 Landing Limitations. Any flight crew entry must
be signed by the Captain.

f. Any time maintenance personnel make an entry it must be signed by the
person making the entry.
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g. Maintenance personnel are responsible for assuring that any log entries
accurate and completed. Upon completion of a maintenance check, enter
dat e, signatur e, and authorization
Serviceo col umn. Prior to departur
entered including the required data oretholumn located in the lower
right hand corner of the AFML.

h. All entries shall be printed in black or blue ink and must be legible.

i. Engineerds normal signature wil/ b ¢
j. If an error is made, a line will be drawn throudfmetentry and new entry
made or the word AVOI DO is written

erase an error entry, and error entry shall remain readable. Write the
name and signature of the person who void the entry.

k. Do not remove/destroy/detached armor or a void log page, because
DGCA requires that all log pages should be accounted for.

m. Maintenance Action entries will list any work done to correct deferred
Item, or describes troubleshooting accomplished to correct a malfunction
or pilots report.

Such statements are necessary for records purposes and to eliminate
repeat the work unnecessarily. The person making the corrective action
entry is required to ensure that all works, checks, or inspections were
performed in an appropriate manner and ircamdance with the approve
manuals and procedures.

n. CASR requires a complete description of the corrective action taken to
correct a discrepancy and release an aircraft in airworthy status.
Therefore use of words such das afsRe |
the sole entry for corrective action is not acceptable. The log book entry
should also include a description of the troubleshooting procedure
and/or reference to the manual system that was used to correct the
discrepancy.

0. Occasionally a reported atfunction cannot be duplicated, identified, or
corrected (ongime occurrence). In such cases, an appropriate action
taken entry will be:

A Installation inspected, functionally checked, and found satisfactory.
A Request further observation and informatiwext flight.
p.Il n no case shal/l the word Atempor at
repair, but rather the word fAairwol
4.3.2.2 Responsibility

An Aircraft Technical Log is required to be used by all operators approved in
accordance with CASR 121.

According to the contract between 121 Lion Air M&E and BAT; Lion Air request
AMO subcontractors to fill by Aut hori ze
and unscheduled maintenance operation performed between two Base Maintenance
Inspection including each malfunction detected by the crew in operations.

The AFML is a major document for Airworthiness Control, including following key
information:
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1 The Line Maintenance schedule maintenance performed in accordance with
the Maintenance Pgram (MP)

(For example: Prdlight check, daily check, service check, engine oll
consumptions, etc.)

All deferred maintenance items and maintenance corrective actions,
Rotable changes,

Certificate of release to service and Maintenance Release,

1 All structual defect arising during operation.

E N

According contract, BAT AMO shall review and check on daily basis all AFML for
Lion Air fleet:

1 Proper filing of the document by all users according to 121 Lion Air

procedures,
1 Sequences number of AFML should be chefikecbmpletion,
T Proper integration and control of all

Information System (Aircraft Hours, Cycles, Scheduled Maintenance tasks,
malfunctions and all unscheduled Maintenance tasks, Deferred defects, fluid
consumption, te.)

1 Analyze performed Line Maintenance activities to fulfill Maintenance Program

(MP) requirements and applicable regulation (Ex: Rlight Check, Daily
Check, Service Check, etc.)

1 Control of the schedule line maintenance and Maintenance release eégtfic

1 Control of Cabin Maintenance Log for proper utilization,

1 The proper management of DMI and the respect of MEL items intervals.
According contract BAT AMO shall sort and archive AFML in accordance with a
proper archive plan the original Aircraft Techml Log in a protected and
controlled area and provide access to 121 Lion Air, Authorities representatives,
owner or lessor upon request. 121 Lion document revision a direct presentation of

the revised documents to Pilots Manager and to AMO Line Maintenand
Quality Manager is organized for AFML Socialization.

FTIM Lion Air Manual is dispatched and always available to BAT AMO staffs. Lion
Air M&E, Quality Control Division, is controlling the AFML format (FTIM) and
utilization by Lion Air Pilots and AMOihe Maintenance Technicians.

Refer to CMM Chapter 4.3 the AFML should be archived and saved properly. The
CMM procedure for the record handling is shown below.

6. MAINTENANCE RECORD AND RETENTION
6.1 Technical Record
6.1.1Introduction

This chapter desdres a Technical Records control system in Lion Air. The
retention of records enables a Lion Air to maximize the value and utilization of its
assets (airplanes, engines, components, appliances, etc.) by documenting proper
parts removal & installation, scloele and unscheduled maintenance task,
alteration, repair, modification, maintain a list of current alterations to each
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airframe, engine, and appliance, the current status of life limited parts of each
airframe, engine, and appliance.

The chapter describeke policies and procedures to be used by Technical Records,
under the supervision of Planning & Technical Services Manager and control of the
Quality Control Manager. The policies and procedures are designed to meet the
requirements of CASR 121.369 arid B30.

6.1.2 General

Technical Records will be filed and stored in such a manner that the records will be
readily accessible to authorized auditors and other personnel. The filing and storage
system shall promote easy of retrieval, accessibility and adeguontrols.

6.1.3 Filling Provisions
a. Recording Maintenance Data

1) Recording maintenance data means to record all maintenance; preventive
maintenance and alteration activities inspection perform and up to approved
Maintenance Release is signed offeguired by CASR 121.709.

2) All airplane records are included in the part of the Aircraft Flight and
Maintenance Log (AFML), which should meet as required under CASR
121.380 and 121.709 otherwise causes to be made maintenance records
falsification as sited in CASR 43.12.

3) The recording of all work carried out on airplane, components and issuance
of instruction records, receipts, certificates, etc. shall be accomplished by the
used of appropriate approved forms.

4) All forms that record details of evhaul, repair or modification of an
airplane or component must be processed and retained as part of current
and complete history of the aircraft, or component, in a condition
presentable to Indonesian DGCA.

5) All maintenance personnel are responsible #mcurate recording and
documenting of work performed and approved, using an appropriate
company document to determine its co

6) Base on CASR 121 380 (c) all maintenance records required to be kept by
this section avadlble for inspection by the Director

b. Handling Technical Records

Technical records handling Means a handling all of administrative maintenance
document and technical data respecting to the maintenance, preventive
maintenance and alteration work performé&dhese records are filed and kept in
the Technical Record subdivision.

c. Filing of Maintenance Document

Filing maintenance document and technical data means retrievable filing of all
maintenance documents and technical data for which a retention pasod
required under CASR 121.380, 120.380a and 121.709.
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A copy of each Job Order with all attached supplementary form shall be
maintained in the Planning & Technical Services.

A Planning & Technical Services ensure each maintenance document for work
accounability, parts used; engineers; and Inspectors sign or authorized
personnel who certify a maintenance release before such document send to
technical record for proper filing.

The investigatiorreceivedAFML record onOctober 2018&f PK-LQP. The AFML

page an be identified by the page numhmar the top right of the pagsuch as
B1800499, B3042854, B3042855, etc. The investigation found 31 pages not
included in the package.

Lion Air Repetitive Problem Handling

The Lion Air referred the repetitive problem aspeat discrepancy. The repeat
discrepancy handling is described in the chapter 14.2: Repeat Discrepancy Control
System, which described as follows:
14.2RepeaDiscrepancy Control System
14.2.1 General
a. The purpose of the Repeat Discrepancy ControteByss to identify and
correct any discrepancies that recur within a 5 (five) days period.

b. It is a Lion Air policy that any discrepancy which twice recurs on the same
airplane during 30 (thirty) consecutive days of operation will be identified as a
Nregt di screpancyo (refer CMM Chap.
Division will control the registration by AMO subcontractors on DMI list of
this repeat discrepancy. A positive plan of corrective action is pursued to
preclude further recurrence of such digpancies and aircraft shall not be
returned to service unless the root cause is affirmatively corrected.

c. Every effort shall be made to prevent repeat discrepancies in order to eliminate
unnecessary airplane out of service time and the cost unnecefwmary
component inspection and overhauls.

14.2.2 Responsibility
Lion Air M & E is subcontracting all maintenance to AMO subcontractors.

AMO Engineer on duty is responsible for the coordination of all activities relating
to repeat discrepancies occurring dogi line operations.

Lion Air M & E has contracted BAT AMO to provide Maintenance Control Center
for all Lion Air fleet. One of MCC responsibilities is to detect all repeat
discrepancies and to define corrective actions.

a. The MCC Repeat Analyst is coritedl by Lion Air M & E FMM which is the
local point for implementing of the Repeat Discrepancy Control System.

b. The repeat Discrepancy Control System consists of the following elements:
1) Identification of trouble and root causes
2) Post rectification or repair attempt and its result
3) Review and follow up
4) Surveillance

FMM Manager is reporting to regularly to Lion Air M & E director for all repeat
discrepancy issues.
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14.2.3 Procedure
1) ldentification

a. The Repeat Analyst will be monitored bgntinuously reviewed the
maintenance records of the previous 30 (thirty) days. The review will
include:

I. Corrected and uncorrected pilot complain, and ground wuips from
the computer databases for each airplane.

ii. Deferred maintenance items rececdand tracked by FMM

iii. Daily activity logs recorded by FMM. The logs are the records of
discrepancies reported by flight crew and line stations.

iv. Daily maintenance advises at home base and out stations.

b. When an Item has been identified as a repdiacrepancy, the Repeat
Analyst will coordinate its rectification, as follows:

i. If the repeat discrepancy can be rectified during line maintenance at
the home base line stations or at an-et#tion, the Repeat Analyst
coordinates the rectification witFMM

ii. If the repeat discrepancy can only be rectified during home base
hangar maintenance, the Repeat Analyst will coordinate rectification
with Planning & Technical Services Division.

c. All item identified as repeat discrepancies will be broughhdttention
of the Fleet Maintenance Management and Quality Control Manager on a
daily basis.

d. The Repeat Analyst and Lion Air FMM Manager will maintain a log of all
identified repeat discrepancies for tracking and follow up purposes.

2. Redctification

Lion Air have a documentation all troubleshooting history and method
rectification thatused in previous repair attempts for tracking chronic or
repetitive discrepancies aircraft experiences.

a. The RepeatAnalyst will generate the appropriate repeat digaecy
work forms for each repeat discrepancy identified:

1) Therepeatdiscrepancy assigned to home base hangar maintenance
for rectification will be recorded on a NeRoutine Write form.

2) The repeatdiscrepancy assigned to line stations (including home
base line maintenance) for rectification will be recorded in a
Deferred Maintenance ltem form. (ref. FTIM{04-03-01)

b. For repeat discrepancies rectified at home base AMO hangar
maintenance, AMO subcontractor will make the necessary corrective
action br the repair. AMO Subcontractor will package the repeat
discrepancy work form together with a specific check for accomplishment
under Lion Air PTS approval
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c. For repeatdiscrepancies which be rectified at a line station (including the
home base line stanh), MCC BAT on duty will make the necessary
arrangement for the repair:

1) TheAMO line station maintenance personnel assigned to work on the
airplane will be notified of the repeat discrepancy and its history.

2) Additional expertise may be requestenl dssign to assist in trouble
shooting the repeat discrepancy.

3) Rectificationof the repeat discrepancy will be recorded and signed off
on the AFML book in a manner similar to Deferred Maintenance Item.

4) All returnedrepeat discrepancy work cards andimaintenance log
pages will be forwarded to the Repeat Analyst for review.

d. If the repeatdiscrepancy deferrable and troubleshooting/repair of the
item will exceed scheduled ground time:

1) TheFMM will deferral authority from the line maintenance.

2) Based on the severity or operational impact of the discrepancy, the
FMM may suggest the airplane be removed from service to facilitate
corrective action.

3) If repair of the discrepancy is deferred to a subsequent line
maintenance opportunity, FMM will ctinue to track the discrepancy
and will make arrangement to have trouble shooting/rectification
accomplished on the rectification accomplished on the item at the first
opportunity.

4) If repair can be deferred to the next home base hangar maintenance
oppatunity, responsibility for the rectification, together with the
appropriate paper work, will be transferred to Planning & Technical
Services Division.

c. Review and Follow up

a. The Repeat Analyst will review returned work form and other work
record, andupdate record, as necessary.

b. Copies of the repeat discrepancy work forms, which have been
cleared by maintenance corrective action will be held in file by the
Repeat Analysts for a minimum of 5 (five) days of airplane operation
to assure no further rectence.

c. If the Item does not recur for 5 (five) days, the Repeat Analyst may
clear the item from the repeat discrepancy log and discard the work
card. History of the Item will be stored in computer records.

d. If the Item does recur, the Repeat Analyét notify the Quality
Control Manager or his designee.

1. The Repeat Analyst will t@pen the repeat discrepancy.

2. Quality Control through coordination with Planning & Technical
Services will determine whether to remove the airplane from
service or dedr the Item.
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3. Under no circumstances an airplane will be released for revenue
service if an Item is found to have repeated continuously without
the express authorization from Quality Control Manager.

4. Surveillance

a. The Repeat Analyst accomplishestsanng analysis and surveillance of
repeat discrepancies.

b. The FMM is responsible for monitoring Items identified as repeat
discrepancies.

The repetitive problem is part of the continuing analysis and surveillance that
described in th€ MM chapter 15 abllows:

15. CONTINUING ANALYSIS AND SURVEILLANCE
15.1 Introduction

This section provides a description of, and the responsibilities related to operator
Continuing Analysis and Surveillance Program, as required by CASR part
121.373.

Today Lion Air is orgaized with 2 sections working together for the performance
of the DGCA and CASR requirements for the Maintenance Continuing Analysis
and Surveillance Program:

A A Quality Control Division under Maintenance & Engineering Director,

A A Quality Assurance Diworate, under Accountable Manager, Lion Air
Maintenance and Engineering, Quality Control Division will continue to
perform a part of the AContinuing Su

Quality Assurance Directorate will ensure all required internal and external
Quality Audits required to monitoring continuously the CASR requirements
compliance.

The repetitive discrepancy criterion which was stated in the CMM chapter 15.2.3
was described as follow.
15.2.3 Compliance, Conformity and Adherence to the Regulations

Quality Assurance Directorate is closely and continuously coordinating his
Quality surveillance program with Quality Control Division to prevent the
implementation of improvements to the aircraft damage/problems protracted,
refers DGCA safety Circular NoAU/0649DSKU/03/2007.

Lion Air are required to:

a. Correctly and consistently implementing all the requirements outlined in the
CASR 121.373, as follows:

- Internal audit performed

- To implemented an analysis of the effectiveness of maintenance
programs that apprced

- To carry out maintenance review board meeting to repetitive trouble
- To take notes of repetitive trouble that cannot be repaired in DMI
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b. Restrictfor repetitive trouble, as follows:

- The maximum occurs twice within a period of 30 days and put in DMI
process, the aircraft components included in the ATA code: 21, 22, 24,
27, 28, 29, 31, 32, 34, 36, 45, 49, 52, 53, 54, 55, 56, 57, 71, 72, 73, 74,
75,76, 77,79, 80.

- The maximum occurs four time within a period of 30 days for aircraft
components othehainthe ATA code above mentioned.

1.17.2 Approved Maintenance Organization
1.17.2.1 Batam Aero Technic (BAT) Management

The Batam Aero Technic (BAT) is an Approved Maintenance Organization (AMO)
under CASR 145 with the approval number 14812, The capability list appved

by the DGCA included the maintenance activities for the all Lion Air aircraft in the
base maintenance and line maintenance activiB®T is a wholly owned
subsidiary of the Lion Air Group

The BAT established procedure manual for conducting the emante activity,
which referred as the Batam Aero Technic and Quality System Manual
(AMOQSM) with the document number BGEN-01. The manual describetie
housing, facilities, equipment, personnel and general operating rules.

The BAT has hangar facilities provide the base maintenance activity at Surabaya,
Batam, Cirebon, Palangkaraya and Balaraja.

The line maintenance activity of the Lion Air aircraft was conducted by BAT in the
several transit stations including in the Jakarta, Denpasar and Manado.

The btal number of engineers at Jakarta consist of about 300 personnel including
25 engineers rated for Boeing 7#87(MAX) aircraft including authorizabin to
release to service. The engineers divided into four shift groups. The daily
maintenance activities we conducted in two shifts. The first shift started from
0700 to 1930 LT and the second shift started from 1900 to 0730 LT. The BAT
handled approximaly 458 flight daily at Jakarta.

The totalnumberof engineers at Manado were 34 personnel divided inio gbift
groups. The maintenance activities were conducted in two shifts. The first shift
started from 0700 to 1900 LT and the second shift started 900 to 0700 LT.

The BAT handled approximately 1218 aircraft transit and 10 aircraft overnight
daily in Manado. The Boeing 733 (MAX) maintenance activity was conducted by
the engineer on duty from Jakarta as no engineer in Manado was rated iftg Boe
737-8 (MAX).

The totalnumberof engineers at Denpasar were 80 personnel divided into four shift
groups The maintenance activity was conducted in two shifts. The first shift started
from 0645 to 1915 LT and the second shift started from 1845 to 071BHEIBAT
handled apmximately 60 aircraft transit and 5 aircraft over night, daily in
Denpasar. The Denapar had 4 engineers rated for Boeing-83MAX) aircraft
including authorized to release to service.

The BAT has Maintenance Control Center (MCC) departmeletdiy a General
Managerwhich responsible for the maintenance activity control. The job ditle
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General Manager MCC was stated in the AMOQSM but the detail of the duty and
responsibility of the MCC was not described.

The Lion Air and BAT ageed to monitor the aircraft serviceability through
dedicated group personnel referred as Bapak Asuh leddabgager Bapak Asuh.
The job title Manager Bapak Asuh stated in the AMOQSM however, the duty and
responsibility of Manager Bapak Asuh was not described.

The maintenance performance for the customer described in the chapter 7, work
performance procedure aslows:

7.1 WORK PERFORMED PROCEDURE FOR CERTAIN OPERATORS

A Reference: CASR Part 145.205 Maintenance, preventive maintenance, and
alterations performed for certificate holders under parts 121, 135, and for
foreign air carriers or foreign persons openag an Indonesian registered
aircraft in common carriage under CASR part 129, CASR Part 209 AMO
(Approved Maintenance Organization) manual content.

Maintenance work to be performed by the Batam Aero Technic for the
organization that has a continuous airliness maintenance program under
the certificate part 121 and 135 or 129 shall be follow the operator's
maintenance program.

In addition, Batam Aero Technic also perform maintenance on operators that
have an approved maintenance program by authority urskmtion 141
certificates.

The President Director through the General Manager Quality and Engineering
Manager establishes an understanding of the contractual arrangements for the
particular requirements of each customer.

The customer 0s tudedu are trimitedte may i nc

A Knowledge and/or training requirements for technicians and inspectors
assigned to perform work;

A Review and acceptance of documents used by the Batam Aero Technic when
recording work performed;

A Following specified prockur e s contained i n t he
specifications, maintenance program or as set forth in the general
maintenance manual; and,

A Specific approvals or authority to perform major repairs or alterations.

If the customer provides technical datawill be referenced in the applicable
maintenance record. If there is any question as to what technical data is to be
used at any time during performance of work, it will be brought to the attention

of management or the customer for appropriate resolutibme Customer
Specific Requirements list sets forth the special instructions from each air
carrier customer and is used as a reference guide to ensure proper maintenance
i s performed as required by the air cza
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In addition, through audits by the air carriers and commercial operators, this
Batam Aero Technic wildl ensure contin
requirements with respect to record keeping, training of personnel and other
matters cover ed conyact taider maiotenanoemmanuials
procedures.

1.17.2.2 Defect Handling

As part of the Total Care maintenance agreement, the BAT engineers are responsible
to perform the aircraft trouble rectification. The BAT Line Maintenance Procedure
Manual (LMPM) describes ghprocedure for line maintenance activity including the
defect rectification and administers the AFML page. The descriptions of the LMPM
regarding the defect rectification are shown below.

4.2.2.3 MAINTENANCE DEFECT RECORD
Maintenance Defect Identificain

This procedure explains how to perform the AFML record associated to the
procedure LMPM

4. 4 AnAl RCRAFT MAI NTENANCE DEFECT HANDLI

During the course of operations, a defect can be identified and recorded

A By thePIC: in this case thePIC is responsil# to report the defect through a
PIREPS as per their operator procedures (discrepancies block), or

A By the engineer (preflight, transit, daily or service check, out of phase
maintenance, special inspections, etc.): in this case the individual is relsigonsi
to record the defect in the discrepa
(Maintenance Action block)

A When a defect is mentioned by crew or maintenance team, the engineer shall
check on previous technical log book pages if the same problem hasyalread
occured to identified as repetitive problem.

A Defect that identified as repetitive problem should be notified to Specialist
department and Bapak Asuh for further deep monitoring, evaluation and
troubleshooting.

A Problem occurrences more than 3 (thraahies within 30 days maintenance
should be deferred on DMI and report to MCC.
Maintenance Defect rectification

This procedure explains how to perform the AFML record associated to the
procedures LMPM 3.5 AAI RCRAFT MAI NTENAN

Thedé ect rectification is recorded by th

The following information must be recorded in the AFML.:

Details of maintenance performed,

Reference to the approved data (page / block / revision date),
Reference to removédnstalled component (PN / SN),

ATA code (6 digits),

If applicable, reference to the Work Order, Task Card, EO or EA,

To o T Io Io
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A If applicable, dimension or test figures within a specific tolerance, the exact
dimension or test figures shall be recorded (iha¢ normally sufficient to state
that the dimension or the test figure is within tolerance),

A If applicable, detail of RIl or duplicate inspection,
A Return to Service information.

The LMPM chapter 3.5 as described in the Maintenance Defect rectificdiove
written as AAI RCRAFT MAI NTENANGdveveyEF EC"
the chapter 3.5inthe LMPMasi ENGI NE RUN UP PERFORMANC

1.17.2.3 On-Board Maintenance Function (OMF) Handling

The Boeing 738 (MAX) equipped with the downloadable ®oard Maintenance
Fundion (OMF) which providehe historical record of the aircraft problem.

The investigation found that the OMF data down|ogderred to the task card
737TM-46-INT-00-01-MLI Revision 01 was not included in thBoeing 7378
(MAX) CAMP.

Refer to thePK-LQP AFML, the last OMF data download was performed on 25
October 2018 at Denpasar.

The investigation collected the OMF data of-BP&P from the Flight Data Service
department of the BAT Engineering and DOA divisiofihe duties and
responsibility of the Assistarilanager of Flight Data Services was described in
chapter 2.2.2.5 in the Engineering Procedure Marniua Engineering Procedure
Manual was not mentionethat the OMF data management as the duties and
responsibility of the Assistant Manager of Flight D&&vices.

The investigation did not find any manual describes the policy and procedure of
handling the OMF.

1.17.2.4 BAT Repetitive Problem Handling

The BAT definedaircraftproblem categorized as repetitifrepeat discrepancy)a
same problem in the same aiftreegistration occurred repeatedly minimum 3
times within 30 daysThe aircraft repetitive problem was handled by the Manager
Specialist in coordination with thBapak Asuband other departmenas stated in

the LMPM chapter 2.2.2. The duties and resquliges of the Manager Specialist
are as follows:

2.2.2 MANAGER SPECIALIST
Duty & Responsibilities
A Responsible to make a report to Line Maintenance General Manager

A Ensure his subordinates to monitor Repetitive problem by Trax, (FeRt
Flight Report) etc.

A Ensure his subordinates to follow up Repetitive problem, and guidance for
trouble shooting.

A Ensure to analyze for reducing repetitive problem by collect data repetitive, look
up to Manufacture Document and action (SL andiSBdte: Service Le#r and
Service Bulletin

A Ensure for part needed and part improvement (upgrade due to low reliability of
Part) to engineering and Material Planning.
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A Give guidance for his/her subordinates.

A Coordinates with other department such as Line MaintenancpakB#suh,
PPC, material planning, etc in order to make immediate rectification about
repetitive defect on aircratft.

The repeat discrepancy handling is described in the LMPM chapter 13.2: Control of
Repeat Discrepancies, as shown below.

13.2 CONTROL OF RERH DISCREPANCIES
13.2.1 PURPOSE

The purpose of this procedure is to monitor and control the repeat/ recurring
discrepancies to the aircraft in order to initiate special actions to preclude
further recurrence.

This procedure is applicable to customer bemgintained by Batam Aero
Technic under the sub contracted maintenance agreement.

13.2.2 PROCEDURE

A Repetitive discrepancy is defined as a same problem in the same aircraft
registration occurred repeatedly minimum 3 times within 30 days. will be
identified as a fArepeat di screpancyo an
refer to LMPM 3.2.2.4.

A Specialist team support is assigned to monitor and maintaining oversight
over discrepancies reported in operating aircraft and identifying the
repeat discrepancies by TRAX

A Specialist team in coordination with the involved department, reviews
maintenance records of the previous day for each aircraft in order to
identify repetitive discrepancies of similar nature, on same ATA Chapter
and Section, affecting to same equipmanfor analogous causes. The
reviews include:

- Corrected and uncorrected aircraft discrepancies.

- Deferred maintenance items recorded.

- Daily activity book record discrepancy reported by flight crews and
line maintenance personnel at main base andtatibss.

- Discrepancies raised in the operator log book system.

- DM Listing Summary List

- MDRR

A When an item is identified as repetitive defect that cannot be solve in the
Line Maintenance, Specialist team will coordinate a meeting with all the
concened departments (example; QC inspectors, reliability engineers,
etc.) and representatives of operator/ customer in order to discuss the
repeated discrepancies, identify its root causes and propose a corrective

action plan. Minutes of the meeting as wellthe proposed corrective
action plan must be maintained.

A Specialist can raise a fAWork order
TRAX, if the engineer is not able to solve the problem without technical
assistance.
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1.17.3

A Corrective action plan is issued in@or k or der i denti f
di screpancyo and scheduled to be
accordance with significance of the defect.

A Specialist coordinates the rectification in accordance with the agreed
corrective action plan starting the prose of rectification and
monitoring its progress until final closure.

A A database of repetitive defects per aircraft type is maintained TRAX by
specialist or by Bapak Asuh.

The BAT LMPM contais the policy to handlerepeat/epetitive discrepancies
(repetitve problem) but did not contain detail procedure.

Regarding the repetitive problenandlingof SPD and ALT flag that occurrecn
PK-LQP since26 October 2018 until the last recotlle investigation did ndind

any document or discussion regarding hiaadling ofthis repetitive problem. The
investigation only found the statement of repetitive probkdmch waswritten by
Denpasar engineer in the AFML when performing the problem rectification at
Denpasar on 28 October 2018.

Xtra AerospacelLLC

Xtra Aerogace LLC (Xtra Aerospace) has an office and facility in Miramar,
Florida and it is an Aproved Maintenance Oagization (AMO)that wasapproved

by the Federal Aviation Administration (FAA). The FAA Miramar Flight
Standards District Office (FSDO) issuedpapval as Repair Station Certificate to
Xtra AerospaceThis entitled Xtra Aerospace to condube maintenare; repair
and oerhaul for limited accessories, limited instruments, limited radio and
emergency equipment as stipulated in the operations sjagicifis

As part of theFAA approval,and when the accident aircraft AOA sensor was
repaired, Xtra Aerospace had the approved manoflRepair Station Manual
(RSM) and Quality Control Manual (QCM). The Director of Quality is responsible
for keepingthe Work Order Package which contains the custowmnmercial
invoice, repair order, packing list, and proforma invoice includighorized
release certificate (FAA form 8138). Work order teardown report, component
traveler, test data sheet, and packing slip

The Angle of Attack (AOA) sensor part number 0861FL1 (manufactured by the
Rosemount Aerospace as Original Equipment Manufaciul®EM) was, at the
time of the Lion Air Accident, one of the capabilities that Xtra Aerospace was
approved to perform. Shoytafter the accident, Xtra Aerospace discontinued any
further work on the 0861FL1 AOA sensors.

The RSM chapter 2 describes that the engineering department is responsible to
ensure equivalencies of tool and equipment including evaluation of equivalency,
and maintaining peginentdocumentation

The requirement for assessing the eglgrcy of test equipment is described in the
chapter 5 of RSM as shown below.

5.1.4. Equivalent Test Equipment

The "Equivalent Test Equipment” must be capable of performingoainal tests
and checking all parameters of the equipment under test, ARING €81 DANCE
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FOR TOOL AND TEST EQUI PMENT EQUI VALENCY
during this process. The Equivalence Determination Procedure shall be
documented using XTA Fort81. (A sample of XTA Form 181 is located in the
Quality Publications Appendix D)

1 The level of accuracy should be equal or better than that recommended by the
Original Equipment Manufacturer (OEM).

1 OEM technical data shall be used in the manufacturingEmfuivalent Test
Equipment”.

1 OEM calibration or inspection procedures shall be used if available for the
certification of the "Equivalent Test Equipment”. A certification procedure
shall be developed for equipment on which the OEM does not support.

1 "Equivdent Test Equipment” shall meet the same requirements for
identification and control.

The Rosemount Aerospacénow part of Collins Aerospace)lComponent
Maintenance Manual (CMM) 342-34 revision 8 recommends the test and
calibration equipment for repair tfhe AOA sensor with part number of 0861DR,
0861FL and 0861FL1 is the North Atlant8810 (later versions recommend the
8810A). The CMM (3412-34) does have a note that states equivalent substitutes
may be used

Xtra Aerospacenay utilize the Peak Electracs SR1201B (Model 772400-2) for

test and calibration of the AOA sensor with part number 0861DR, 0861FL and
0861FL1. The test equipment equivalency certificate was provided for the Peak
electronics APl SRRO1B (model 7724€0-2). The Test Equipment Equlency

listed the Peak ElectronicsSRIO 1 B and justified the equ
comparison. 0 Xtra Aerospace did not de
Peak Electronics SRI01B (Model 77240-2) during the testing. CMM 342-34

also de@s not specify specific written instructions for the North Atlantic 8810

The Quality Control Manual stated that the test equipment shall be calibrated at
periodic intervals established on the basis of stability, purpose and degree of usage
as shown in thehapter 6 of Repair Station Manual as shown below.

6.2.1. Test Equipment Calibration Requirements

Test equipment shall be calibrated at periodic intervals established on the basis of
stability, purpose and degree of usage. One year shall be the standardal
unless the manufacturer of theguipment has authorized a longer calibration
interval. Calibration is valid until the last day of the month due as recorded on the
calibration certificate/label. All calibrations shall be performed before or on the
last day on the month of expiration.

a) All meters and measuring equipment will be outsourced to an approved
metrology laboratory for calibration. All calibrated standards and equipment shall
be traceable to the National Institute of Standards & Techno(®d$T) or an
acceptable foreign or international standard.

b) All Complex Test Panels used to interface units with measuring equipment shall
undergo inrhouse inspections using controlled OEM procedures or XTA
certification procedures; followap inspection/erification will be accomplished as
required.
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1.17.4

The equipment calibration record showed that all equipment was acceatable
wi t hin eachequeanentsp ment 6s
Persons performing maintamze (including inspections), preventive maintenance,

and alterabn must be assessed and trained in accordance with the FAA approved
procedures set forth in Xtra AerospadeC. training manual.

Xtra Aerospace relied upon @he-job training (OJT) to ensure technicians who are
performing the work are fully informed abotite procedures, techniques, and
equipment maintained by Xtra Aerospace and to ensure each person is qualified to
perform the duties. OJT is conducted at the work site by a supervisor, designated
instructor, or manufacturer representative. OJT is accongalidy utilizing the
applicable technical publications that contain the approved/accepted procedures for
the maintenance or inspection task to be accomplished.

Minimum Equipment List Regulations

The CASR required the opator to utilize the Minimum Equipent List (MEL) as
dispatch guidance when one or more instruments or components are inoperative.

The flight Instrumentsand equipment that are either specifically or required by the
airworthiness requéments is described in the CASR 13113.

CASR Part 12B03Airplanes Instruments and Equipment

(b) Instruments and equipment required by Sections 121.305 through 121.359
must be approved and installed in accordance with the airworthiness requirements
applicable to them.

The Indonesia regulation related teetairspeed and altitude indicator is described
in the CASR 121.305 as follow.
CASR Part 121.305 Flight and Navigational Equipment

No person may operate an airplane unless it is equipped with thevilogdlight
and navigational instruments and equipment:

(a) An airspeed indicating system with heated pitot tube or equivalent means for
preventing malfunctioning due to icing.

(b) Two sensitive pressure altimeters with counter drum pointer or equivalent
presentation.

(c) An accurate timepiece indicating theé in hours, minutes and seconds.
(d) A free air temperature indicator.
(e) A gyroscpic bank and pitch indicator (artificial horizon).

() A gyrosceic rate of turn indicator combined with an integral slip/skid indicator
(turn and bank indicator) excefttat only a slip/skid indicator is required when
a third attitude instrument system usable through flight attitudes of) 380
pitch installed in accordance with Paragraph (j) of this section.

(g) A gyrosceic direction indicator (directional gyro or equaent).
(h) A magnetic compass.
(i) A vertical speed indicator (rate of climb indicator).

() On the airplane described in this paragraph, in addition to two gynoisdmank
and pitch indicators (arti€ial horizons) for use at the pilot stations, a thewach
instrument is installed in accordance with paragraph (k) of this section:
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(1) On each turbojet powered airplane.

(2) On each turbo propeller powered airplane having a passeseggt
configuration of more than 30 seats, excluding each crewmembeoseat,
payload capacity of more than 7,500 pounds

(k) Whenrequired by Paragraph (j) of this section, a third gyrgsicobankand
pitch indicator (artificial horizon) that:

(1) I1s powered from a source independent of the electrical generating system,;

(2) Continues reliable operation for a minimum of 30 minutes after total failure
of the electrical generating system;

(3) Operates independently of any other attitude indicating system;

(4) Is operative withot selection after total failure of the electrical gesieng
system;
(5) Is located on the instrument panel in a position acceptable to the Director

that will make it plainly visible to and usable by each pilot at his or her
station;and

(6) Is appropriately lightedluring all phases of operation.

The regulabn required that the aircraft instruments and equipment required by an
airworthiness directive shall be operable as described in the CASR 121.628 below.

CASR Part 121.628 Inoperable Inghents and Equipment

(a) No person may take off an airplane withpeoable instruments or equipment
installed unless the following conditions are met:

(1) An approved Minimum Equipment List must be carried onboard the
airplane

(2) The DGCA shall issue ¢hcertificate holder operations specifications
authorizing operationsin accordance with an approved Minimum
Equipment List. The flight crew shall have direct access at all times prior
to flight to all of the information contained in the approved Minimum
Equipment List through printed or other means approved by the Director
in the certificate holder operations specifications. An approved Minimum
Equipment List, as authorized by the operations specifications, constitutes
an approved change to the type desigtinout requiring recertification.

(3) The approved Minimum Equipmeé.ist must:

(i) Be prepared in accordance with the limitations specified in Paragraph
(b) of this section.

(i) Provide for the operation of the airplane with certain instruments and
equipment in an inoperable condition.

(4) Records identifying the iperable instruments and equipment and the
information required by Paragraph (a)(3)(i)) of this section must be
available to the pilot.

(5) The airplane is operated under all applicablenditions and limitations
contained in the Minimum Equipment List anihe operations
specifications authorizing use of the Minimum Equipment List.

(b) The following instruments and equipment may not be included in the Minimum
Equipment List:
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(1) Instrumenms and equipment that are either specifically or otherwise
required ty the airworthiness requirements under which the airplane is
type certificated and which are essential for safe operations under all
operating conditions.

(2) Instruments and equipment required by an airworthiness directive to be
in operable condition umelss the airworthiness directive provides
otherwise.

(3) Instruments and equipment required for specific operations by this part.

(c) Notwithstanding Paragraphs (b)(1) and (b)(3) of thection, an airplane with
inoperable instruments or equipment may dperated under a special flight
permit under Sections 21.197 and 21.199 of the CASRs.

1.17.5 Air Traffic Services Provider

The Perusahaan Umum Lembaga Penyelenggara Pelayanan Navigasi
Penerbangan IndonesigAirNav Indonesia) is the Air Traffic Services (ATS)
provider within Indonesia. The ATS in Jakarta is provided by AirNav Indonesia
branch office Jakarta Air Traffic Service Cent@ATSC)which held a valid Air
Traffic Services provider certificate. The services provided were aerodrome control
service, approacbontrol servicearea control service@eronautical communication
service, and flight information services.

The approach control service for LNI610 flight was providedH®/Terminal East
and Arrivd controlless utilizing surveillance control (radar sére). The Arrival
controllerfor normal flight operabn provides approach control service foriving
aircraft to Soekarndlatta International Airport.

Procedures Related to Emergency Condition

According to the JATSC Standard Operation Procedure forrogah Control
Services chapter 6.2 mentioned that condition wiieght crew report any
instrument malfunction might be suspected or classified as an emergency situation.
The chapter 6.2.3.2 described procedure shall be followed to handle emergency
situaton as follows:

a. Immediately and briefly acknowledge the emergency situation.
b. Immediately report the situation to the supervisor.

c. If flight crew declare emergency, controller should take necessary action to
ascertain:

1 Aircraft identification and type
The type of emergency
Aircraft position and altitude
Type of assistance needed

Enlist the aid of any other ATS unit which may be able to provide
assistance to the aircraft

1 Provide theflight crew with any irformation requested, such as weather
information minimumsafe altitudes and details on suitable aerodromes to
land

d. Determine the appropriate assistance based on the available information.

E N
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e. Any condition indicateshat theflight crew experiening emergencycondition
but hesitateto take decisiorthe controllershall considethe worst possibilities
or risk priorto isste instructionor suggestion.

f. Obtain from the operator or the flight cr@iinformation thaimay be relevant
such as: number ofpersons on board, amount of fuel remaining, possible
presence of hazdous materials and the nature thereof.

Notify the appropriate ATS units and authorities.
Record all received information and action had been done.
i. Inform all aircraft who operate nedret emergency aircratft.

. Instruct all other aircraft to fly near thecktion of emergency aircraft and relay
controller instruction if the emergency aircraft is unable to receive the
instruction and to monitor the Emergency Locator Beacon (ELBA).

k. Changes ofadio frequency and SSR code should be avoided if possible and
shout normally be made only when or if an improved service can be provided
to the aircraft concerned.

I.  Maneuveringinstructions to an aircraft experiencing engine failure should be
limited to a minimum.

m. Instruction to aircraft should be made briefly and clear.
n. If itis required, request assistance to other contsadlesupervisor.

B

1.17.6 Directorate General of Civil Aviation

The Directorate General Civil Aviation (DGCA) is part of Ministry of
Transportation responsible for administer the civil aviation in Indon€bm duties

and responsibility of the DGCA is stated in the Transport Minister Decree
122/2018.

One of the directorates within the DGCA is Directorate of Airworthiness and
Aircraft Operaions (DAAO) which has suldirectorates of Standards, Aircraft
Certification, Licensing, Airworthiness and Operation.

The Type Certificate Validation (TC Validation) is part of the sub directorate
Aircraft Certification responsibilities whenever a tygeawcraft will be operated by
Indonesia aircraft operator.

The DAAO also approve the operator eligibility in operation and maintenance as
described in the Authorizations, Conditions and Limitations (ACL) document
including the Continuous Airworthiness Mé&enance Program (CAMP).

The oversight to the aircraft operator oaintenance organization is performed by
subdirectorate Airworthiness and Operation which is conducted by the annual audit
and periodic surveillance. The DAAO assigned Principle Airworthiness Inspector
(PAI) and Principle Operation Inspector (POI) for eaaferaft operator while the
maintenance organization oversight only by the PAI.

During annual audit or surveillance, the PAI or POI will ensure that all procedures
are conform to the grirement including documents revision.
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1.17.7
1.17.7.1

1.17.7.2

1.17.7.3

Federal Aviation Administrati on (FAA) Aircraft Certification
Type Certification Process and Overview

The Federal Aviation Administration (FAA) is responsible for prescribing
minimum standards required in the intéred safety for the design, material,
construction, quality of workand performance of aircraft, aircraft engines, and
propellers (Ref. 49USC44701). Product certification 21 is a regulatory process
admini stered by the FAA to ensure that
with Federal Aviation Regulations (FAR)Suwccessful completion of the
certification process enables the FAA to issue a Type Certificate (TC) or an
Amended Type Certificate. To obtain a TC or an Amended Type Certifitete, t
manufacturer must emonstrate to the FAA that the aircraft or product being
submitted for approval complies with all applicable regulations. The FAA
determines whether or not the applicant has met its responsibility to show
compliance to the applicable regulations.

The Federal regulations that apply to type certification of pamsategory

aircrafts are 14 CFR Part 21, 25, 26, 33, 34, and 36. The Part 25 regulations are
those concerned with the airworthiness standards for warsgtegory aircrafts

and are organized into subparts A through TBese regulations represent the

m ni mum standards for airworthiness,; a
standards and the applicantdés tests a
required by regulation. The specific applicable regulatory requirements and how
compliance will be demotrsted is documented in an FAA approved certification

plan.

During the certification of Boein@37-8 MAX, there were multiple civil aviation
authority certification who participate

Certification Guidance

FAA Order 81104Cjitt | ed AType Certificationo, p
procedures the FAA must follow to certify new civil aircraft, aircraft engines, and
propellers, or changdhkereto, as required by 14 of the CFR Part 21. This order is
primarily written for inernal use by the FAAjts designees, and delegated
organizations. The order provides procedures and policy for the type certification of
products and, unless stated otherwise, the type certification process in this order
applies to all U.S. TCs, includingmended TCs and Suppient Type Certificate

(STCs).

Type Certification Process

FAA Order 8110.4C contains a section that presents aléngth flow diagram of

the certification events that typically make up the life cycle an aircraft. The diagram

is meantto explain the type certification process, not to dictate precisely how the
project should flowAlthough the model shows the proper sequence of events for
certificating a product, the various aspects of the project generally progress through
the procesat di fferent times and at differen
type certification life cycle into phases based on The FAA and Industry Guide to
Product Certification. For each of the certification events identified on the flow
diagram, the Ordealso provides information describing each event identifies

146



expectations and develops specific interface procedures between the applicant and

the FAA.

During a meeting with the NTSB24, the FAA provided a Hig\el overview of the
certification process foan amended type design program. The briefing indicated
that the applicant would start by conting familiarization briefings and submitting

the following to the FAA: a Certification Project Notification (CPN), a Program
Notification Letter (PNL) and a Bster Certification Plan (MCP). These documents
detail the changes and identify the regulatory requirements and policies that are

applicable; they also

identify areas of change associated with the FAA

airworthiness directives. As part of the overview, EfA provided a higHevel
flow diagram of the certification events that contained similar information as the
diagram within Order 8110.4c. The following figure shows the FAA certification

process.

Standards

Familiarization Briefings
Application for TC/ATC/STC

Certification Project Notification
Application for Production Certificate
Preliminary Type Certification Board
Preliminary District Office Audit
Production Certification Board

/
/

Issue Airworthiness Certificate
Issue Production Certificate
Final Production Certification Board
Issue Type Certificate
Final Type Certification Board
Flight Standardization Board (FSB) Activities
Develop ICAs
Flight Tests &Type Inspection Report
Type Inspection Authorization &

Conformity Inspection
[Certification Basis] Safety Review Board
Equivalent Safety Findings Airplane-level compliance findings
ipecial conditions_| Detail-level compliance findings
Conformity Inspections

Define Requirements

Cerifieation plans, Find Compliance

Figure 45: Diagram of FAA Certification Process

1.17.7.4 FAA Certification Office

The FAA has 10 Aircraft Certification Offices (ACO) which are responsible for
approving the design certification of aircraft, aircraft engines, propellers, and
replacement parts for those products. There aresglscialized certification offices
which include the Engine Certification Office (B(, the Military Certification
Office (MCO), the Boeing Aviation Safety Oversight Office (BASOO), and the

Delegation System€ertification Office (DSCO)F AA G s
oversight

i ncl ude

B ASOibliteses por

of Boeingds Organi z:

involvement in certification of safety critical areas as well as novel and unusual
designs and assisting foreign Civil Aviation Authorities (CAASs) in validation of
Boeing products.The BASOO was responsible for the certification oversight and
approval for the Boeing 733 (MAX).

1.17.7.5 Certification Basis for Changed Aviation Products

The certification basis for changed aeronautical products allows an aircraft
manufacturer to imoduce a derivative model asdasign update on a previously
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certificated aircraft and add the changed product onto an existing TC. The FAA
approves such changes if it finds that the changes are not significant enough to
warrant application for a new TChis process enables a manufacturer to introduce
derivative aircraft models without having to resubmit the entire aircraft design for
certification review. The manufacturer can use the results of some of the analyses
and testing from the original type dédation to demonstrate compliance, in which
case the regulations that were in effect on the date of the original TC apply.

Title 14 CFR 21.101, Subpart D, specifies the requirements for demonstrating
airworthiness compliance for changed aeronauticalymtsd The current revision of

14 CFR 21.101, amendment 21.92, which became effective on April 16, 2011,
states that an application for a changed aeronautical product to be added to a TC
Amust show that the changed poguenerdst c o1
applicable tothe ¢caegory of the product i n effec
This regulation is more specific than previous revisions regarding what can be used
from the original certification basis in an application for a derivative ehod
involving a major change.

On April 25, 2003, the FAA issued FAA Order 8110.48, How to Establish the
Certification Basis for Changed Aeronautical Products, which provides the
procedures that the FAAtilize for determininghe certification basis for chges

to type certificated products including changes made through an amended Type
Certificate which is the method utilized for thel'& The handbook refers to FAA
Advisory Circular 21.1041, establishing the Certification Basis of Changed
Aeronautical Prducts, which contains an acceptable means, but not the only means,
to comply with 14 CFR 21.101. On July 21, 2107, this Order 8110.48 was cancelled
and replaced by Order 8110.48A.

1.17.7.6 System Safety Assessment Process

As part of the process for developing aodrtifying a safetycritical system,
individual system safety assessments are conducted to assure the system designs
meet their safety requirements and support the aircraft level safety assessment.
Safety assessments are conducted by the applicant, amsdppsiers, and are
reviewed and accepted by the FAA. The safety assessment process is outlined in
AC 25.13091A and described in detail in the SAE Aerospace Recommended
Practice (ARP) 4761. SAE ARP 4761 describes the formal procedure as follows:

91 Functioral Hazard Assessment (FHA) to address hazard identification and
preliminary risk analysis

1 Preliminary System Safety Assessment (PSSA) to analysis the contribution and
interaction of the subsystem to system hazard

1 System Safety Assessment (SSA) to assess results of design and
implementation, ensuring that all safety requirements are met.

Functional Hazard Assessment (FHA):

A functional hazard assessment (FHA) is a systematic examination of a system's
functions and purpose, and iptgally provides thenitial, top-level assessment of a
design and addresses the operational vulnerabilities of the system function. The
FHA is therefore used to establish the safety requirements that guide system
architecture design decisions. Performed independently of agyfispdesign, an
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FHA evaluates what would occur if the function under question was lost or
malfunctioned and classifies that effect to prioritize focus on the most serious
outcomes. An FHA is conducted early in the design and development cycle to
identify failure conditions and classify them by severity, beginning at the aircraft
level and working down to individual systems.

FAA Advisory Circular AC 25.13049A, dated June 21, 1988 and SAE ARP4761
define the severity classes that are used to classifgftbet of loss or malfunction

as part of an FHA. AC 25.13aPA defines the following three severity classes:
catastrophic, major and minor, with the respective likelihoods, of extremely
improbable ¢nein-a billion/10° or less), improbableofein-ten milion/107 or
less), or no worse than probabtenéin-hundred thousanti®). The differences
among the classes are associated with effects on the aircraft, occupants, and crew.
According to SAE ARP4761, the determinatioof the classification is
accomplshed by analyzing accident/incident data, reviewing regulatory guidance
material, using previous design experience, and consulting with flight crews, if
applicable. The failure condition severity clfisations are provide in a table
contained within tts document and are defined as follows:

1 Catastrophic:
All failure conditions which prevent continued safe flight and landing.
1 SevereMajor/Hazardous:

Large reductions in safety margins or functional capabilities. Highekloax
or physical distress sucthat the crew could not be relied upon to perform tasks
accurately or completely.

1 Major:

Significant reduction in safety margins or functional capabilities. Significant
increase in crew workload or in conditions impairing crew efficiency.

1 Minor:
A slight reduction in safety margins. A slight increase in crew workload

System Safety Assessments:

Safety assessments are a primary means of compliance for systems (as opposed to
identifying structures or aircraft performance characteristics) that are critisaleto

flight and operation. Safety assessments proceed in a stepwisdridatafashion,
analogous to the system development process described above. Starting with
aircraft functions, functional hazard assessments are performed to identify the
failure conditions associated with each function. Systems functional hazard analyses
are performed for system level functions. Preliminary safety assessments are
performed as the system is developed adding more specific design and
implementation detail to addressesfic hazards. The bottownp verification by

safety analysis starts with an analysis of the components of a system to ensure
single failures do not result in significant effects. Combinations of failures are
logically combined to develop probability offailure and checked to ensure they

are commensurate with the criticality of the failure condition. Thus, the final
definition and characterization of a safetytical system is verified by the result of

the analyses conducted during a safety assessment.
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Safety assessments are conducted by the applicant, and its suppliers, and are
reviewed and accepted by the FAA. The safety assessment process is outlined in
AC 25.13091A and described in detail in SAE ARP4761. Although the safety
assessment process outtina the AC is not mandatory, applicants who choose not

to conduct safety assessments must demonstrate compliance in another, FAA
approved way (for example, by conducting ground or flight tests).

1.17.7.7 Organization Designation Authorization

In title 14, Code ofederal Regulations (CFR) United States of America Part 183,
the Federal Aviation Administration (FAA) may delegate the specified functions to
an organization on behalf of the Administrator related to engineering,
manufacturing, operations, airworthinessmaintenance.

In the Part 183 subpart D, the organization granted by the FAA for such delegation
is referred as Organization Designation Authorization (ODA) which means the
organization is authorized to perform certification functions on behalf of Alde F

FAA granted the Boeing Commercial Airplane (BCA) ODA in 2009. The delegated
functions for a Type Certification ODA are:

1 establishing and determining conformity of parts, assemblies, installations, test
setups, and products (aircraft);

1 finding complance with airworthiness standards for new design, or major
changes to design;

1 issuing special flight permits for operation of aircraft;

1 issuing issues airworthiness approvals for articles (Export), and aircraft (Standard
or Export).

1.17.7.8 Oversight and Delegatbn
Inspector General Audit Report:

According to a 2011 Office of Inspector General audit réportthdé Federal
Aviation Administratbn (FAA) is responsible fooverseeing numerous aviation
activities designed to enguthe safety of the flying public. Regoirzing that it is not
possible for FAA employees to personally oversamyefacet of aviation, public

law allows FAA to delegate certain functions, such as approving new aircraft
designs, to private individuals or organizations (approved by the FAA)QieEs
perform a substanti al a mo @ fotexample, @ onet i c a
aircraft manufacturer, they made about 90 percent of the regulatory compliance
determinations for a new aircraft design. FAA created the Organization
Designation Authiozation (ODA) program in 2005 to standardize its oversight of
organizatonal designees .

According to FAA Order 8100.15A, 49 CFR 44702(d) allows the FAA to delegate
to a qualifiedprivate person a matter related to issuing certificates, or related to the

15 Reference Office of Inspector General Audit Report,-2¥11-136, issued on June 29, 2011.
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examination, testing, and inspection necessary to issue a certificate on behalf of the
FAA Administrator as authorized by statute to issue under 49 CFR 44702(a).

Boeing applied for and was granted ODA
and appoint ingliduals to perform some of the delegated functions as
representatives ¢fAA. The delegated functions for a Type Certification (TC) ODA

are:

A establishing and determining conformity of parts, assemblies, installations, test
setups, and products (aircraft);

A finding compliance with airworthiness standards for new design, or major
changes to design;

T

issuing special flight permits for operation of aircraft;

™

issuing issues airworthiness approvals for articles (Export), and aircraft
(Standard or Export)

Guidancefor Delegation of Compliance Findings:
FAA Order 8110. 4C, section 2.5, titl e

FAAGs involvement i n a certification |
oversight and del egat i kmmplannitgcparposed,itheg t o
FAAG6s and the applicantds certificatior

project the FAA intends involvement and at what level. The heavy workloads for
FAA personnel limit involvement in certification activities to a small fracbibthe

whol e. FAA type <certification team men
descriptions and project plans, determine where their attention will derive the most
benefit, and coordinate their intentions with the appliéant

Paragraph (a)(1) ofestion 2.5 provides guidance to the FAA and applicant on the
identification of critical safety items requiring direct FAA involvement in the
findings of compl i anc eWherAacpariiculad decisipndro t h
event is critical to the safetyf the product or to the determination of compliance,

the FAA must be directly involved (as opposed to indirect FAA involvement by, for
example, DERs10). Project team members must build on their experience to identify
critical issues. Some key issues thall always require direct FAA involvement
include rulemaking (such as for special conditions), development of issue papers,
and compliance findings considered unusual quidslly reserved for the FAA.

While these items establish the minimum direct FAd\rement, additional critical

safety findings must also be identified based on the safety impact or the complexity
of the requirement or the method of compliance. Additional factors to consider in
determining the areas of direct FAA involvement incluge thF AAG6s conf i d
the applicant, the applicantds experie
confidence in the designeées
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Certification Basis:

According to an FAA Issue Papgron January 27, 2012, theo&®ing Company,
located in Sattle, Wasimgton, submitted an application to tBASOO to amend

the Model 737 Type Certificate No. AL6WE to include tiesv model Boeing737-

8 (MAX). The Boeing Company submitted their request via a letter dgigtl8,

2016 to extend the application date to Fabyl27, 2012. Due to late certification of

the engines, the applicant submitted a second request via a letter dated December
14, 2016, to extend the application date to June 30, 2012. The Issue Paper indicated
that these changes do not affect the prewoagjreed upon ettification basis.
Therefore, in accordance with Title 14, Code of Federal Regulations (14 CFR) part
21 requrements, the certification basis for the ModRdeing 737-8 (MAX) was
established within the | saawendmhanptethe Bo
type cetificate AL6WE of the ModeBoeing 737-8 (MAX) was effective forS

years from the new date of application.

According to Type Certificate Data Sheet (TCO$16WE, revision 64, dated
October 10,2018, the Boeing Company applieat fa transport category amended

type cetificate for theBoeing 7378 (MAX) aircraft On June 30, 2012 and type
certificate approval for thBoeing 7378 (MAX) aircraft was granted on March 8,

2017, under 14 CFR Part 25hét airworthiness standarder ftrarsportcategory
airplanes). The Boeg 73%#8 MAX aircraft was added as the most recent model in

a series of derivati veutmadd!l spr(odruc fi b
approved and added to the Boeing type certificate (TC), originally issued for the
Boeing 737100 on December 15, 1967.

The applicable certification basis for tBeeing 7378 (MAX) aircraft is Title 14,
Code of Federal Regulations (14 CFR) part 25 as amended by Amendménts 25
through 25137, plus amendment 2B11 with exceptions permitdeby 14 CFR
21.101.

The Boeing Modl Boeing 7378 (MAX) and Boeing 737-9 was granted an
exception per 14 CFR 21.101(b) for § 25.795(c)(2) based on the demonstration and
justification that security features were present in the type design. These security
features must be in consideration in any subsequent type design change,
modification, or repair to ensure the level of safety designed intBdkeng 7378

(MAX) and 7379 is maintained. In lieu of the following, compliance to §
25.795(c)(2), Amendment 2827, may be shown:

Amended Type Certification (ATC) Application January 2012
General Familiarization Meeting (completed) March 2012
Technical Familiarization Meetings (completed) May 2012

16 The Federal Aviation Administration (FAA) uses IPs to provide a structured means to address certain issues in the type
certification and type validation processeyp@& certification includes projects for TCs, amended TCs, type design
changes, STCs and amended STCs. For FAA approvals such as 14 CFR 21.8(d), TSOA, and PMA projects, IPs can be
used, with discretion, to document and resolve compliance issues wheterdteeor policy office guidance is required.
Reference FAA Advisory Circular (AC) 20.166.

17 A Type Certificate Data Sheet (TCDS) is a formal description of the aircraft, engine or propeller. It lists limitations and
information required for type certifation including airspeed limits, weight limits, thrust limitations, etc.
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FAA Acceptance of Master Certification Plan November 2013
Cetification Basis Established (G Issue Paper) February 2014
FAA Acceptance of (related) Detailed Certification Plal November 2016

Type Inspection Authorization Approved August 2016
FAA Certification Flight Tests Complete February 2017
ATC Issuane March 2017

1.17.7.9 Maneuvering Characteristics Augmentation System (MCAS) Assessment

MCAS Assessment General:

As part of the MCAS development phase, in late 2012, Boeing performed a
preliminary functional hazard assessm®ot MCAS using piloted simulationsi

their full motion Engineering Flight Simulator {Eab). Several hazards were
assessed at that time, however, this section of the report will focus only on the
following two hazards: uncommanded MCAS operation up to its maximum
authorty (0.6 degrees ddircraft noee down stabilizer) and uncommanded MCAS
operation equivalent to&secondstabilizer trim runaway.

Boeing used two scenarios to assess this hazard: a runaway at MCAS activation
during a windup turn maneuver (operational envelope) and a wieng recovery
from a stabilizer runaway during level flight (normal flight envelope).

To perform these simulator tests, Boeing induced a stabilizer trim input that would
simulate the stabilizer moving at a rate and duration consistgh the MCAS
function. Using this method to induce the hazard resulted in the following: motion
of the stabilizer trim wheel, increased column forces, and indication thairthaft

was moving nose down. Boeing indicated that this evaluation was focused on the
flight crew response to uncommanded MCAS operation, regardless of underlying
cause.Thus, the specific failure modes that could lead to uncommanded MCAS
activation, such as an erroneous high AOA input to the MCAS, were not simulated
as part of theskunctional hazat asgssment validation testds a result, additional
flight deck effects (such as IAS DISAGREE and ALT DISAGREE alerts and stick
shaker activation) resulting from the same underlying failure (for example,
erroreous AOA) were not simulated and were natwdoented in the stabilizer trim

and autoflight safety assessment reports reviewed after the accident.

Original results of preliminary hazard assessment

Hazard Hazard
classification
Uncommanded MCAS operation up to its maximum authority Major
UncommandedICAS function operation equivalent to 3 secon Major
mistrim

18 The hazard assessments were developed as part of aircraft certification and based on A€L25.1309

19 The two events were assumed to start from a trimmed condition. Boeing a¢sdeced the hazard of uncommanded
MCAS operation until pilot response. This condition had the same severity asaherl case.
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The FHA evaluations were conducted by Boeing in their Engineering Cab
using FAA guidance regardirfight crew response to flight control failures
requiring trim input that is contained in FAAdvisory Circular AC25.7@.

In particular, Boeing uses the following assumptiamsts flight controls
FHAS:

1 Uncommanded system inputs are readily recognizable and can be
counteracted by overriding the failure by movement of the flight
controls in the armal sens by the flight crew and do not require
specific procedures.

1 Action to counter the failure shall not require exceptional piloting skill
or strength.

1 The flight crew will take immediate action to reduce or eliminate
increased control forces by-temming or chaging configuration or
flight conditions.

1 Trained flight crew memory procedures shall be followed to address
and eliminate or mitigate the failure.

Boeing advised that these assumptions are used across all Boeing models
when performing furitonal hazard assessments of flight control systems and
that these assumptions are consistent with the requirements contained in 14
CFR 25.671 & 25.672 and within the guidance contained in FAA Advisory
Circular (AC) 257C for compliance evaluation of 14 RR25.143:.

In March 2016, Boeing determined that MCAS should be revised to improve
wingslevel, flaps up, low Mach stall characteristics and identification. The
MCAS was revised such that depending on AOA, it would be capable of
commanding incrementatabilizer to a maximum of 2.5 degrees at low
Mach decreasing to a maximum of 0.65 degrees at high Mach.

The requirements document also indicated that the preliminary functional
hazard assessments of MCAS werevaluated byflight crew assessments

in the motion simulatoand by engineering analysis and determined to have
not changed in hazard classification as a result of the increase in MCAS
authority to 2.5 degrees.

20 FAA advisory circular (AC) 2&C, titled A F1 i ght Test Guide for Certification of
October 16, 2012, provideguidance for the flight test evaluation of transport category airplanes.

21 FAR 25.143(g) Controllability and ManeuverabilityGeneral, Requires that changes of gradient that occur with changes
of load factor must not cause unduffidilty in maintaining control of the airplane, and local gradients must not be so low
as to result in a danger of ovesntrolling. Reference is made to CFR amendmerit2ZZ5for the described FAR
25.143(g) requirement.
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Results of preliminary hazard assessment
for revised MCAS authority

Hazard Hazard
classification
Uncommanded MCAS function operation up to its maximy  Major*
authority
Uncommanded MCAS function operation equivalent to 3 Major
second mistrim **

* Major Classification:

The uncommanded MCAS command to the maximum nose down iytaolow

Mach numbers was evaluated in Beeing 7378 (MAX) cab and rated as Minor.

The high Mach uncommanded MCAS command and subsequent recovery is the
critical flight phase in establishing the hazard rating for erroneous MCAS
commands. According to Boeingngineering analysis determined that the existing
high Mach evaluations remain valid as the aerodynamic configuration had not
changed significantly since the gieght evaluations, and the MCAS authority limit

at high Mach did not change significantlythe flight test update. As the ratings for
these high Mach evaluations were more severe than for low Machyénall flight
envelope hazard ratings remain the same as thiéigiteevaluations.

** Piloted Simulation not Required:

According to Boeing,Engineering analysis determined no low Mach piloted
simulation to be required as this failure is less critical than MCAS function
operation to maximum authority. Stabilizer motion for three seconds would not
reach maximum authority in low Mach condition§he existing high Mach
evaluations remain valid as the aerodynamic configuration has not changed
significantly since the preflight evaluations, and the 3 second stabilizer motion is
the same magnitude.

When assessing unintended MCAS activation in the stowufor the FHAS, the
function was allowed to perform to its authority and beyond belabt crew
action was taén to recover. Failures were able to be countered by using elevator
alone. Stabilizer trim was available to offload column forces, andisélxzutouts
were available but not required to counter failures. This was true both for the
preliminary FHAs pgormed in 2012 and for the reassessment of the FHAs in 2016.

In a 2019 presentation to thmvestigation team, Boeing indicated that the M&CA
haza d cl assi fication of fAmajoro for unco
the new authority limits) in the Normal flight envelope were based on the following
conclusions:

1 Unintended stabilizer trim inputs are readily recognized by movement of the
stahlizer trim wheel, flight path change or increased column forces.

1 Aircraft can be returned to steady level flight using available column (elevator)
alone or stabilizer trim.

1 Continuous unintended nose down stabilizer trim inputs would be recognized
as aStab Trim o Stab Runaway failure and procedure for Stab Runaway
would be followed.
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1.17.8

1.17.9

Indonesia Type Certificate Validation Process

Referring to Indonesia Aviation Act 1/2009 article 16, every aircraft, aircraft
engine, and aircraft propeller designed gmdduced overseas and imported into
Indonesia must obtain a type certificate validation. The Civil Aviation Safety
Regulation (CASR) Part 21 regulates the compliance procedure for the Indonesia
Aviation Act 1/2009 article 16 and it is outlined in the Ditorate General of Civil
Aviation (DGCA) Staff Instruction SI 203 Validation Procedures of Foreign Type
Certificate QAircraft, Engine and Propeller).

The Indonesia DGCA conducted the Type Certificate Validation (TC Validation)
for the Boeing 738 (MAX) on 31 12 April 2017 in Boeing facility at Renton
Seattle Washington DC. At the same time three foreign civil aviatighorities
(Malaysia, Japan and United Arab Emirates) also conducted the similar TC
Validation for the Boeing 738 (MAX).

The Indonesia C Validation team consisted of Team Leader, Powerplant System
inspector, Avionic System inspector and Flight Tiespector.

The agenda of the TC Validation were system familiarization presented by Boeing
and certification discussion based on the FAgué paper & (Federal Aviation
Regulation Part 25 Certification Basis), pape Gompliance checklist) and paper
G-3 (environmental considerations). The Maneuvering Characteristic Augmentation
System (MCAS) was discussed during the system familiariz&imeing 7378
(MAX).

Since the time frame was not sufficient the Indonesia DGCA requested time
extension for discisson of additional requirements of CASR. The discussion
resulted in nine additional requirements identified as follows:

1 PMO1 (CertificatiorBasis of CASR Part 25),

PMO02 (Test Documents),

CS01737 (Bilingual Placard),

CS028-Max (Least Risk Bomb Location

CS03737 (Ditching Requirement as per ICAO Annex 8),
AV-01-Max (Electrical System),

AV-02-Max (APU door system test),

PR01-Max (Early ETOPS) and

1 PM-04-016-17A (Type Certification Data SheefTCDS).

The TC Validation was finalized in May 2017 and the DGCA issued the TC
Validation document referred as A068. However, if there was system which had not
been verified during the TC Vakldion process while the aircraft had been in
service, the DGCA might issue the exemption or update the TC Validation
document.

=4 =4 4 4 A4 -4 2

Airworthiness Regulations
Airworthiness Standard for Type Certificate

Aircraft type certificate is issued by civil aviation autlyrio ensure the aircraft is
manufactured in accordance with approved design camiplies with a product
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meets its type design and is in a condition for safe operafio®.airworthiness
standards for théssue of type certificates, and changes to thostficates, for
transport category airplanes in Indonesia is described in the CASR Part 25
Airworthiness Standards: Transport Category amthe United States of America
describedn Federal Aviation Regulation (FAR) Part 25. Both CASR Part 25 and
14FAR Part 25 contained same standards on same subparts number.

The relevant subparts were as follows:
25.1 Applicability

(&) This part prescribes airworthiness standards for the issue of type certificates,
and changes to those certificates, for transportgaitg airplanes.

(b) Each organization who applies under CASR Part 21 for such a certificate or
change must show compliance with the applicable requirements in this part.

25.143 General.
(a) The airplane mst be safely controllable and maneuverable dufing
(1) Takeoff;
(2) Climb;
(3) Level flight;
(4) Descent; and
(5) Landing.

(b) It must be possible to make a smooth transifiom one flight condition to any
other flight condition without exceptional piloting skill, alertness, strength,
and without dager of exceedindghe airplane limitload factor under any
probableoperating conditions, includirdg

(1) The sudden failure of the critical engine;

(2) For airplanes with three or more engingise sudden failure of the second
critical enginewhen the airfane is in the en route, approach, anding
configuration and is trimmed with the criticahgine inoperative; and

(3) Configuration changes, including deploymentretraction of deceleration
devices.

(c) The airplane must be shown to be satelgtrollable and maneuverable with
the critical iceaccretion appropriate to the phase of flight defimedppendix
C, and with the critical enginaoperative and its propeller (if applicable) in
theminimum drag position:

(1) At the minimum V2 for takeoff;
(2) During an approach and garound; and
(3) During an approach and landing.

(d) The following table prescribes, for conventionaheel type controls, the
maximum controforces permitted during the testing required gmragraphs
(a) and (c) of this section:
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Force, in pounds, applied| Pitch Roll Yaw
to the control wheel or
rudder pedals

For short term application 75 50 -
for pitch and roll controi
two hands available for
control

For short term application 50 25 -
for pitch and roll controi
onehand availabledr
control

For short term application - - 150
for yaw control

Forlong term application 10 5 20

(e) Approved operating procedures or conventional operating practices must be

followed when demonstrating compliance with the control force limitatfor
short term application that are prescribed in paragraph (d) of this section. The
airplane must be in trim, or as near to being in trim as practical, in the
preceding steady flightondition. For the takeoff condition, the airplane must
be trimmedaccording to the approved operating procedures.

25.255 Outof-trim characteristics.

(@)

(b)

From an initial condition with the airplane trimmed at cruise speeds up to
VMO/MMO, the aitplane mus have satisfactory maneuvering stability and
controllability with the degree of owf-trim in both the airplane nosep and
nosedown directions, which results from the greated of

(1) A threesecond movement of the longitudinal trim system at its alaate
for the particular flight condition with no aerodynamioad (or an
equivalent degree of trim for airplanes that do not have a power
operated trim system), except as limited by stops in the trim system,
including those requiretly §25.655(b) for adjustable stabilizers; or

(2) The maximum mism that can be sustained by the autopilot while
maintaining level flight in the high speed cruising condition.

In the outof-trim condition specified in paragraph (a) of this sectiaen the
normal acceleration is varied from +1 g to the positased negative values
specified in paragraph (c) of this sectidn

(1) The stick force vs. g curve must have a positive slope at any speed up to and
including VFC/MFC; and

(2) At speeds between VFC/MFC and VDF/MDF the direction of the primary
longitudinal cantrol force may not reverse.
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(c) Except as provided in paragraphs (d) and (e) of this section, compliance with

(d)

(€)

the provisions of paragraph (a) of this section must be demonstrated in flight
over the acceleration rang®

(1) -1gto+2.5q;o0r

(2) 0 g 2.0 g, and extrapolating by an accetitle method tel g and +2.5

g.
If the procedure set forth in paragraph (c)(2)of this section is used to
demonstrate compliance and marginal conditions exist during flight test with
regard to reversal ofprimary longitudinal control force, flight tests must
be accomplished from the normal acceleration at which a marginal condition is
found to exist to the applicable limitegfied in paragraph (b)(1) of this
section.

During flight tests required by paragraph (a)of this section, the limit
maneuvering load factors prescribed in 8825.333(b) and 25.337, and the
maneuvering load factors associated with probable inadvertent excursions
beyond the boundaries of the buffet onset envelopes rnietel
under§25.251(e), need not be exceeded. In addition, the entry speeds for flight
test demonstrations at normal acceleration values less than 1 g must be limited
to the extent necessary to accomplish a recovery without exceeding
VDF/MDF.(f)In the outof-trim condition specified in pargraph (a) of this
section, it must be possible from an overspeed condition at VDF/MDF to
produce at least 1.5 g for recovery by applying not more thamimds of
longitudinal control force using either the primary longlinal control alone or

the primary longitudinal control and the longitudinal trim system. If the
longitudinal trim is used to assist in producing the required load factor, it must
be show at VDF/MDF that the longitudinal trim can be actuated in the@laine
noseup direction with the primary surface loaded to correspond to the least of
the following airplane nosap control forces:

(1) The maximum control forces expected in service as specified in §§25.301
and 25.397.

(2) The control force required toroduce 1.5 g.

(3) The control force corresponding to buffeting or other phenomena of such
intensity that it is a strong deterrent to further application of primary
longitudinal control force.

25.1309 Equipment, Systems, and Installations

(a) The equiprant, systems, and installations whose functioning is required by this

Decree, must be designed to ensure that they perform their intended functions
under any foreseeable operating condition.

(b) The airplane systems and associated components, consiépaately and in

relation to other systems, must be designed se that

(1) The occurrence of any failure condition which would prevent the
continued safe flight and landing of the airplane is extremely improbable,
and
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(2) The occurrence of any other fait conditions which would reduce the
capability of the airplane or the ability of the crew to cope with adverse
operating conditions is improbable.

(c) Warning information must be provided to alert the crew to unsafe system
operating conditions, and to ahle them to take appropriate corrective action.
Systems, controls, and associated monitoring and warning means must be
designed to minimize crew errors which could create additional hazards.

(d) Compliance with the requirements of paragraph (b) of tleistisn must be
shown by analysis, and where necessary, by appropriate ground, flight, or
simulator tests. The analysis must consider

(1) Possible modes of failure, including malfunctionsdadamage from
external sources.

(2) The probability of multipléailures and undetected failures.

(3) The resulting effects on the airplanad occupants, considering the stage
of flight and operating conditions, and

(4) The crew warning cues, corrective action required, and the capability of
detecting faults.

(e) Inshowing compliance with paragraphs (a) and (b) of this section with regard
to the electrical system and equipment design and installation, critical
environmental conditions must be considered. For electrical generation,
distribution, and utilization equipent required by or used in complying with
this chapter, except equipment eced by Approved Technical Specification or
Technical Standard Orders containing environmental test procedures, the
ability to provide continuous, safe service under foreseeamranmental
conditions may be shown by environmental tests, design analyseference
to previous comparable service experience on other aircrafts

() EWIS must be assessed in accordance with the requirements of sec.25.1709.
25.1329 Flight guidancsystem.

(g) Under any condition of flight appropriate to its use, the flight guidance system
may not produce hazardous loads on the airplane, nor create hazardous
deviations in the flight path. This applies to both fdrde operation and in the
event ofa malfunction, and assumes that the pilot begins corrective action
within a reasonable period of time.

25.1585 Operating Procedures
(a) Operating procedures must be furnishedfor

(1) Normal procedures peculiar to the particular type or model encountared
connection with routine operations;

(2) Nonnormal procedures for malfunction cases and failure conditions
involving the use of special systems or the alternative use of regular
systems; and
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(3) Emergency procedures for foreseeable but unusual sitsationwhich
immediate and precise action by the crew may be expected to substantially
reduce the risk of catastrophe.

(b) Information or procedures not directly related to airworthiness or not under the
control of the crew must not be included, nor must prgcedure that is
accepted as sac airmanship.

(c) Information identifyingeach operating condition in which the fuel system
independence prescribed in Sec. 25.953 is necessary for safety must be
furnished, tgether with instructions for placing the fudystem in a
configuration used to show compliance with that section.

(d) The buffet onset envelopes, determined under Sec. 25.251 must be furnished. The
buffet onset envelopes presented may reflect the centgawdty at which the
airplane is normally daded during cruise if corrections for the effect of different
center of gravity locations are furnished.

The Responsibility for Airworthiness

CASR Part 91 General Operating and Flight Ralesapplicable for the operation
of aircraft (other than mooredalloons, kites, unmanned rockets, and unmanned
free balloons, andltra-light vehicles) within Indonesia territory.

The CASR Part 91 subpart 91.7 described:
(a) No person may operate a civil aircraft unless it is in an airworthy condition.

(b) The pilot in commad of a civil aircraft is responsible for determining whether
that aircraft is in condition for safe flight. The pilot in command shall
discontinue the flight when eairworthy mechanical, electrical, or structural
conditions occur.

The CASR Part 121 Cefitation and Operating Requirements: Domestic, Flag, and
Supplemental Air Carrierselated toregulation for delegating aircraft maintenance
to AMO is as follow:

CASR 121.363 Responsibility for Airworthiness
(a) Each certificate holder is primarily responsgdiord

(1) The airworthiness of its aircraft, including airframe, aircraft engines,
propellers, appliances, and parts thereof;

(2) The performance of the maintenance, preventive maintenance, and
alteration of its aircraft, including airframes, aircraft engines,
propellers, appliances, emergency equipment, and parts thereof, in
accordance with its manual and the related regulations; and

(3) Obtaining and assessing the continuing airworthiness information and
recommendations from the organizations responsible for tleedgpign.
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1.17.10

1.17.11

(b) A certificate holder may make arrangements with another person for the
performance of any maintenance, preventive maintenance, or alterations.
However, this does not relieve the certificate holder of the responsibility
specified in paragraph (a)f this section.

Flight Crew Reporting Procedure

The ICAO Annex 6 subchapter 4.5.4 mentions that the pilot in command shall be
responsible for reporting all known or suspected defects in the aeroplane to the
operator at the termination of the flight.

According to the CASR Part 121 subchapter 121.563 Reporting Mechanical
Irregularities, Captain shall ensure that all mechanical irregularities occurring
during flight time are entered in the maintenance log oaiteeaftat the end of that
flight time. Before each flight the captain shall ascertain the status of each
irregularity entered in the log at the end of the preceding flight.

Radiotelephony Procedure for Urgency or Distress Conditin

The Manual of Standard CASR Part 102 Aeronautical Communication
Procedures subchapter 5.3 described distress and urgency radiotelephony
communication procedures.

5.3.1.1 Distress and urgency traffic shall comprise all radiotelephony messages
relative to the distress and urgency conditions respectively. Distress aedcyrg
conditions are defined as:

a. Distress: a condition of being threathby serious and/or imminent danger
and of requiring immediate assistance.

b. Urgency: a condition concerning the safety of an aircraft or other vehicle,
or of some person on board or it sight, but which does not require
immediate assistance.

5.3.1.2 Tle radiotelephony distress signal MAYDAY and the radiotelephony
urgency signal PAN PAN shall be used at the commencement of the first distress
andurgency communication respectively.

5.3.1.3 The originator of messages addressed to an aircraft in distress or urgency
condition shall restrict to the minimum the number and volume and content of
such messages as required by the condition.

5.3.1.5 Distress and urgency traffic shall normally bmaintained on the
frequency on which such traffic was initiated unitilis considered that better
assistance can be provided by transferring that traffic to another frequency.

5.3.1.6 In cases of distress and urgency communications, In general, the
tranamissions by radiotelephony shall be made slowly and distinctly, each word
being clearly pronounced to facilitate transcription.

5.3.2.4.1 The distress communications have absolute priority over all other
communications, and a station aware of them shdlltramsmit on the frequency
concerned, unless:
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a) the distress is cancelled or the distress traffic is terminated,;
b) all distress traffic has been transferred to other frequencies;
c) the station controlling communications gives permission;

d) it has itself to rendeassistance.

1.17.12 Safety Management SystenStandard for Aircraft Operator

ICAO Annex 19 subchapter 4.1 requires aircraft operator to establish Safety
Management System (SMS) as systematic approach to manage safety. The
approach is designed to continuously ioya safety performance through: the
identification of hazards, the celition and analysis of safety data and safety
information, and the continuous assessment of safety risks. The ICAO Annex 19
Appendix 2described the minimum requirement for SMS framdwwhich must
comprise four components and 12 elements, as follows:
a. Safay policy and objectives

Management commitment and responsibility

Safety accountabilities

Appointment of key safety personnel

Coordination of emergency response planning

SMS documentatin

b. Safety Risk Management
Hazardz? identification
Safety risk assessment and mitigation

c. Safety assurance
Safety performance monitoring and measurement
The management of change
Continuous improgment of the SMS

d. Safety promotion
Training and education
Safetycommurication

Hazard Identification as Part of Safety Risk Management

Hazard identification is the first step of Safety Risk Management (SRM), the ICAO
Annex 19 Appendix 2, described thatcaaft operator must develop and maintain a
process that ensuresat hazards associated with flight operations are identified
based on a combination of reactive, proactive and predictive methods of safety data
collection.

The ICAO Document 9859 provided idalines to develop SMS within
organization including aircraftperator. The subchapter 2.5.2.10 of the document
describes two main methodologies for identifying hazards, as follows:

a. Reactive, which involves analysis of past outcomes or events. Hazards are
identified through investigation of safety occurrences. Indgl@amd accidents

22 According to the ICAO Docume®@859, hazard is a condition or an object with the potential to cause or contribute to an
aircraft incident or accident.
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are an indication of system deficiencies and therefore can be used to determine
which hazard(s) contributed to the event.

b. Proactive, which involves collecting safety data of lower consequence events or
process performance and analyzing gaety information or frequency of
occurrence to determine if a hazard could lead to an accident or incident. The
safety information for proactive hazard identification primarily comes from
flight data analysis (FDA) programs, safety reporting systemstladafety
assurance function.

The following explanations regarding the hazard identification process are
excerpted from the ICAO Document 9859 subchapter 9.4.4.

Safety reporting system is one of the main internal sources within aircraft operator
to idertify hazard, especially a voluntary safety reporting system. Personnel at all
levels and across all disciplines are encouraged to identify and report hazards and
other safety issues throughethsafety reporting systems.

Safety reporting systems shoulé beadily accessible to all personnel. A paper
based, welbbased or desktop form can be used depending on the situation. Having
multiple entry methods available maximizes the likelihood off #afjagement.
Everyone should be made aware of the benefitafetys reporting and what should

be reported.

Training and Education as Part of Safety Promotion

According to ICAO Annex 19 Appendix 2, aircraft operator must develop and
maintain safety traing program which ensures personnel are trained and
competent toperform their SMS duties. The ICAO Document 9859 subchapter
9.6.4 described personnel who are trained and competent to perform their SMS
duties, regardless of their level in the organization, is an indication of
management 6s commi t me nhe traimng prograne shéuklc t i v
include initial and recurrent training requirements to maintain competencies. Initial
safety training should consider, as a minimum, the following:

organizationakafety policies and safety objectives;

organizational roles an@sponsibilities related to safety;

basic SRM principles;

safety reporting systems;

the organi zationds SMS processes and |
human factors.

-0 o0 o

1.17.13 Indonesia Requirement for Safety Managment System

The national requirement in Indonesia regarding deselopment of SMS is
described in the Civil Aviation Safety Regulation (CASR) Part 19. Siigpart
19.17 (b) requires aircraft operator to have in place a SMS which can identifies and
assessafety hazards includes to mitigate its risk.

The subpart19.19described that aircraft operator must define organization safety
policy which includes commitment to encourage employees to report safety issues.

In regards with the hazard identificationegubpartl9.31 requires aircraft operator
to develop and mainta formal means for effectively collecting, recording, acting
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1.17.14

1.18
1.18.1

on and geerating feedback about hazards in operations, which combine reactive,
proactive and predictive methods of safety data collection.

Formal means of safety data collection shall inclmdgndatory, voluntary and
confidential reporting systems.

The voluntary reporting is described subpart19.59 which requires aircraft
operator to establish system to facilitate the collection of occurrences that may not
be captured by the mandatory repagtsystem and other safetglated information
which is perceived byhe reporter as an actual or potential hazard to aviation safety.

Serious Incident within Indonesia Territory

According to the Aviation Law Number 1 of 2009 and Government Decree Number
62 of 2013 described that KNKT have responsibility to conduct invéstigan
serious incident of civil aircraft occurred within the territory of Republic of
Indonesia.

The CASR Part 830 subpart 830.2 defines serious incident as:

An incident involving ctumstances indicating that there was a high probability

of an accident and associated with the operation of an aircraft which, in the case
of a manned aircraft, takes place between the time any person boards the
aircraft with the intention of flight untisuch time as all such persons have
disembarked, or in the case of an unmanned aircraft, takes place between the
time the aircraft is ready to move with the purpose of flight until such time as it
comes to rest at the end of the flight and the primary psogu system is shut
down.

The Appendix B of the CASRPart 830 describd that system failures, weather
phenomena, operations outside the approved flight envelope or other occurrences
which caused or could have caused difficulties controlling the aiisraftiuded in

the list examples of serious incident.

Once serious incident of civil aircraft occurred within Indonesia territory, the CASR
Part830 subpart 830.06 requires person, organization or enterprise engaged in or
offering to engage in an aircrafperation, with minimum delay and by the most
suitable and quickest means available, must report toKivmite Nasional
Keselamatan Transporta@KNKT).

Additional Information
PK-LQP Previous Flight

On 28 October 2018, the accident aircraft was operagea passenger flight from
| Gusti Ngurah Rai International Airport (WADD), Denpagato Jakarta as
LNI043.

During preflight check, the Captain discussed withahgineer the rectification that
had been performed on the aircraft. The engineer infortinedCaptain that the
aircraft had SPD and ALT flags on the Capfal®FD and the left AOA sensor had
been replaced and tested accordingly. The Captain was convinced by the

23 | Gusti Ngurah Rai International Airport (WADD), Denpasar will be named as Denpasar for the purpose of this report.
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explanation fom the engineer and the statement on the Aircraft Flight Maintenance
Log (AFML) that the problem had been resolved.

The Captainconducted the crew briefing and stated that he would actiles P
Flying on the flight to Jakarta. During the briefing tiaptain mentioned the
replacement othe left AOA sensor.On this flight, a dead heading crew, first
officer of Lion Air Group, rated withBoeing 7378 (MAX) was seatedin the
cockpit jump seat.

The flight departed about 1420 UMhich was originally scheduled 4130UTC,
and during takeoff thdélight crew did not notice any aiwrmalities.The aircraft
departed from Denpasar with two pilots, five flight attendants and 182 passengers.

The crew recalled thatbout two seconds after landing gear retraction, the Takeoff
Configuration Warning activated. Howeverthis warning only ocurs when the
main gear is still on the ground

About 400 feet, th&€aptainnoticed on the Primary Flight Display (PRBEthat the

IAS Disagreewarning appeared and the stick shaker activated DHi2R showe

the stickshaker activatefust after airborneFollowing that indication, th€aptain
maintained a pitch of 15° and the existing takeoff thrust setting. The stick shaker
remained active throughout the fligiotr about 96 minuteantil landing

The Capain cross checked the PFDs and determined hi® weoneous. He
handed over control to the FO (who had good instruments) and called for the
airspeed unreliable memory items. After the transfer of control, the Captain cross
checked the PFDs with the sténgg i nst r ument and deter mi
PFD had the incorrect information. The Captain then switched on the right flight
director (F/D) so the FO would have a normal display.

After completion of the memory items, the Captain looked down to take the QRH,
the dead heading pilot informed to the @ap that the aircraft was diving down.
The Captain commanded the FO to pitch up and to follow the F/D command. The
FO replied that the control column was heavy. The Captain advised the FO to re
trim the aircraft as required.

At 14:25:46 UTC, theCaptaindeclaredanurgency message by callifigP AMANO
to the Denpasar Approach controlend described that the reason wasrument
failure and requested to maintain runwagading. The Denpasar Approach
controller acknowledged the message and approvetlighe crew request. A few
second later, the Denpasar Approach controller askedighe crew whetherthe
flight would return to Denpasar and taptair e s pondlkegyo st and

The Captain noticed that a few seconds dftef~O had discontinued the elactl

trim input, the stabilizetrim was automatically trimming the aircraft nose down
(AND). After three automatic ANDQrim occurrences, the FO commented that the
control column was too heavy to hold badlhe stabilizer movedavithout flight

crew input, vihich the Captain considered thatomatic trim inputs as a runaway
stabilizer. The Captain performed the memory items for Runaway Stabilizer NNC

24 Takeoff Configuration Warning is a safety device intended to ensure that takeoff is properly configured. An intermittent
warning horn and the TAKEOFF CONFIG warning light illuminates when takeoff configuration warning activates.

25 Primary Flight Display (PFD) is primamreference for flight information which displays electromechanical instruments
onto a single electronic display.
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and positioned the STAB TRI CUTOUT switches in the CuDut position. The
DFDR recorded at 14:28:08 UTC the auiatic trim and manual trim movement
stopped.

A few minutes later, the Captainemgaged the STAB TRIM CUTOUT switches to
the NORMAL position, and almost immediately the automatic AND trimming re
occurred. The Captain then moved the STAB TRIMTOUT switches back to the
Cut-Out position and continued with manual trim for the remainder of the flight.

The Captain reported that he performed three-Nomal Checklists (NNCs)
consisting ofAirspeed Unreliable, Altitude DISAGREE, and Runaway Stabilizer.
Noneof the NNCs performed contained the instructio® | an t o Ireshd at
suitable airporto. The Captain decided
gave instructions to land at the nearest suitable airport and despite the degraded
flight instrumentation, flying without autopilot and asifarottle, and a continuous
activation of stick shaker, he convinced himself that the aircraft was able to fly to
the scheduled destination. The Captain did not inform the Lion Air ground station in
Denpasar atut the problems as he assumed that the aircraft would be able to
continue the flight to Jakarta.

At 14:32:31 UTC, the LNI043 Captain advised to the Denpasar Approach controller
that the problem had been resolved and requested to continue the fligghtat fl
level 290 without Redlced Vertical Separation Minima (RVS¥)The Denpasar
Approach controller then instructed LNI043 to climb to altitude of flight level 280
and contact Makaas Area Control Center (ACC) for further air traffic control
(ATC) services.

The Captainnoted on t he Captaindéds PFD, that t
speed red and black (barber pole tape) merged and appeared continuous from top to
bottom on the speed tape display. Because of that display, the Captain concentrated
moreonth e F OO s P Foied thenF®D durimgrihe flight to Jakarta

At 14:43:36 UTC, the Upper West Madura (UWM) controller of Makassar ACC
instructed the LNI043 to climb to altitude of 38,000 feet

At 14:48:27 UTC, the Captain declared urgency message to\W dontroller

and requested to maintain flight level 280 due to instrument failure. The UWM
controller acknowledged and approved the flight crew request. At 14:54:07 UTC,
the UWM controller instructed LNIO43 to contact Upper West Semarang (UWS)
controllerfor further ATC services.

At 14:55:28 UTC, the LNI043 Captain made an initial call to the UWS controller
and advised that the aircraft was maintaining altitude of 28,000 feet. The UWS
controller acknowledged the flight crew information and requestedetad df the
instrument failure. The LNIO43 Captain advised that altimeter and autopilot failed
and requested the UWS controller to relay information to Jakarta controller to

26 Reduced Vertical Separation Minima (RVSM) airspace is any airspace or route between altitude 29,000 feet (flight level
(FL) 290) and altitde 41,000 (FL 410) inclusive where aircraft are separated vertically by 1,000 feet. The aircraft shall
be equipped with two independent altitude measurement systems that meets RVSM performance requirements, an
altitude alerting system, and an automati@uale control system (a certified autopilot that is used while in the RVSM
environment) that is sufficient to comply with RVSM performance requirements and several other requirements
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1.18.2

request an uninterrupted descent. The UWS controller acknowledged the LNIO43
request.

The flight crew recalled that along the route, the weather was clear. During flight
arrival preparation, the Captain received Jakarta weather information which
indicated light rain with visibility of 00 meters.

During the flight, the Captain pegived threat such afifficulty in communication
due to stick shaker noise, sense of panic and mental pressure.

During the flight, the FAL came to the cockpit and the Captain informedlFAat
the fasten seat belt sign would be kept on all the way duéhe previous
disturbance and the rest of the flight was due to weather condition.

The aircraft landed using runway 28t1556 UTC.

The DFDRrecorded that after landing the electric stabilizer trim was active, which
indicated that STAB TRIMCUTOUT switches wereanoved back to thelORMAL
position.

After parking, the Cajpin informed the engineer verbally, about the aircraft
problem and filed on the Aircraft Flight Maintenance Log (AFML) that IAS
(Indicated Ar Speed) and ALT (altitude) DISAGREE and FEEBEIUFF PRESS

(Feel Differential Pressure) light problems occurred during the flight. The Captain
did not mention the activation of stick shaker to the engineer as he believed that the
activation was an outcome from the mentioned problems. Qdqeain did not
report that the STAB TRIM CUTOUT guarded switches were positioned to
CUTOUT during flight and after landing returned to the NORMAL position.

The Captain also reported the flight condition through the electrgporting
system of the company using Air {8y Report (ASR) form. The event was
reported as follows:

Airspeed unreliable and ALDisagree shown after takeoff, STS* also running to
the wrongdirection, suspected because of speed difference, identifedCAPT
instrument was unreliable and handowentrol to FO. Continue NNC of Airspeed
Unreliable and ALTDisagree. Decide to continue flying to CGK at FL280, landed
safely runway 25L

Note: STS = Speed Trim System

The ASR was filed to the reporting $y81 on 29 October 2019 LT in the early
morning ad the report acknowledged by the SS Department about 0830 LT.

The Captain also attempted to reach the Duty Management Pilot through the
company group network (online messaging group application) to report the flight
condition. The Duty Management Pilotsponded; then the Captain sent the
information written in the ASR, to theafty andSecurity Department, as the Duty
Management Pilot was in Jeddah, Saudi Arabia.

Similar Occurrence

On 10 March 2019, a Boeing 7-87/(MAX) registered ETAVJ was being opetad

by Ethiopian Airlines for scheduled passenger flight from Addis Ababa Bole
International Airport (HAAB), Ethiopia to Jomo Kenyatta International Airport
(HKJK), Kenya with flight number ETBOZ2.
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Shortly after departure, the DFDR recorded the AOA senstue became
erroneous and the left stick shaker activated and remaineeé activ near the end
of the flight. The airspeed and altitua# the left air data system begamdeviate
from the corresponding rigiside valuesThe flight crew lost controbf the aicraft
and crashed at 28 Nm South East of Addis Ababa Bole Intemahtibirport
Ethiopia.

The ICAO Annex 13 investigation is carried out by Ethiopia Aircraft Accident
Investigation Bureau (AIB). The imal findings summarized from the prelimiyar
report pblished by the Ethiopia AIB were as follows:

1 The takeoff roll appeared normal, including normal values of left and right
AOA.

1 Shortly after airborne, the DFDR recorded left and right AOA value deviated
and reached value of 74.5° while the riglfOA value reached 15.3°.
Afterwards,the stick shaker activated and remained active until near the end of
the flight.

1 After autopilot engagement, there were small amplitude roll oscillations
accompanied by lateral acceleration, rudder oscillations antt dligading
changes; these oscillations also continued after the autopilot disengaged.

1 After the autopilot disengaged, the DFDR recorded automatic aircraft nose
down (AND) trim command four times withotlightcrewd s 1 nput . As
three motions of t stabilizer trim were recorded. The FDR data also indicated
that the crew utilized the electric manual trim to counter the automatic AND
input.

1 The crew performed runaway stabilizer checklist and put3faB TRIM
cutout switch to cutout position and confed that the manual trim operation
was not working.

1.18.3 BoeingRecord on Stick Shaker Activation

The Boeing recordeB0 flights experiencedstick-shaker on all Boeing modeah
period 0f2001 to 2018The data show®7 occurrences on Boeing 737 in whigh
flights returnedb flights continued 3 flights diverted tahe nearesairportand 1
flight whereflight crew decision could not be determinebhree other occurrences
were on Boeing 757 and Boeing 767 where all flights returned.

Model Returned | Continued | Diverted | Unknown Total
737-300 2 1 - 1 4
737-700 2 - 2 - 4
737-800 14 3 1 - 18

737-8 (MAX) - 1 - - 1
757-200 1 - - - 1
767-200 1 - - - 1
767-300 1 - - - 1

Total 21 5 3 1 30
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Among all flights experienced stick shaker recorded by Boeing, fivetsligiere
continued to destination. On the first flight experienced stick shaker, the initial left
instrument problem occurred at about 6,000 feet and stadkes occurred at 16,000
feet. The flight crew was sure that it was instrument problem and theenaébhg

the route and destination were clear. The second flight experienced stick shaker
during final approach and the flight crew elected to continue.tfine flight stick
shaker active after airborne and the flight crew performed Altitude Disagree and
Unreliable Air Speed nenormal checklists. After completion the nroormal
checklist, the stick shaker stopped and the flight crew elected to continflighihe

On the fourth flight, the stick shaker occurred after takeoff. The flight crew elected
to continue as returning would result in overweight landing and the weather along
the route was clear. About 40 minutes after takeoff, the flight crew pukecirituit
breaker of the affected control column with intention to eliminate noise and to make
the dick shaker warning on the other side functioning normally. The fifth flight
experienced stick shaker and the flight crew elected to continue was LNI043.

Situational Awareness
Situation Awareness in Aviah SystemsMica R. Endsley (SA Technologies)

Sttmat i on awareness is formally defined e
environment within a volume of time angase, the comprehension of their

mean ng and the projection of their sta
Situation awareness theflore involves perceiving critical factors in the
environment (Level 1 SA), understanding what those factors mean, particularly
when integrated together irelation to the aircrew's goals (Level 2), and at the
highest level, an understanding of what willppen with the system in the near

future (Level 3). These higher levels of SA allow pilots to function in a timely and
effective manner.

Level 1 SA Percepion of The Elements in The Environment

The first step in achieving SA is to perceive the stattrshates, and dynamics of
relevant elements in the environment. A pilot needs to perceive important elements
such as other aircraft, terrain, system staargd warning lights along with their
relevant characteristics. In the cockpit, just keeping up withofathe relevant
system and flight data, other aircraft and navigational data can be quite taxing.

Level 2 SA Comprehension of The Current Situation

Comprehension of the situation is based on a synthesis of disjointed Level 1
elements. Level 2 SA gobsyond simply being aware of the elements that are
present, to include an understanding of the significance of those elements in light of
onebs goal s. The aircrew puts together
environment, including a comprehsion of the significance of objects and events.
For example, upon seeing warning lights indicating a problem duringaéke¢he

pilot must quickly determine the seriousness of the problem in terms of the
immediate air worthiness of the aircraft and done this with knowledge on the
amount of runway remaining in order to know whether it is an abort situation or
not. A novice pilot may be capable of acimgvthe same Level 1 SA as more
experienced pilots, but may fall far short of being able to integvatrious data
elements along with pertinent goals in order to comprehend the situation as well.
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Level 3 SA Projection of Future Status

It is the ability to project the future actions of the elements in the environment, at
least in the very near term, ahforms the third and highest level of situation
awareness. This is achieved through knowledge of the status and dynamics of the
elements and a comprehemsiof the situation (both Level 1 and Level 2 SA).
Amalberti and Deblon (1992) found that a sigrafimt por ti on of exp:
time was spent in anticipating possible future occurrences. This gives them the
knowledge (and time) necessary to decddhe most favorable course of action to

meet their objectives.

1.18.5 Crew Coordination

The research repbby Gudela Grote & Enikd Zalle z° wi t h titl e A°
different forms of coordination in coping with work load: Cockpit versus operating
t h e astsunemarized as follow

Coordination defined as tuning of interdependent work processes to promote
concerted action towards a superordinate goal (Kieser & Kubicek, 1992) is needed
for any activity which cannot be carried out by one person and which cannot be
subdivided into independent parts (Hackman & Morris, 1975).

Coordination is therefore a core aetty in any work organization. As Tesluk et al.
(1997, p. 197) formulate: AThe essence
synchronization, and tegration of the contributions of all organizational members
into a series ofStudy;d dcedert and mcidene reports rorsee s .
can state that failures occur most often not because of technical or individual
insufficiency but because a team fails to coordinate its mutual action (Hackman,
1993).

As a consequence of the degree and typevidiah of lab our and specialization
more or less effort will be required for coordination and different kinds of
coordination mechanisms will be more or less successful. Crucial in this respect is
the type of interdependence created by the chosen diwsilabor in combination

with the general demands of the task and the task environment. Generally, three
types of interdependence of work activities are distinguished (e.g. Tesluk et al.,
1997; Thompson, 1967; Van de Ven, Delbecq & Koenig, 1976):

Pooled nterdependence is present, when system performance is an additive
function of individual performance. The performance of other members of the
system can have an effect on the work of the individual members but only indirectly
through parallel contributionso a super ordinate goal.

Coordination in this case is usually achieved via centrally determined work
programs which every individual has to follow indegemtly and which assure that
subtask serve the super ordinate goal.

Sequential interdependence is umidirectional workflow arrangement, where
individual performance depends on the proper fulfillment of prior subtasks.
Synchronization is needed here basedcentrally determined programs and plans
that spell out the exact content and temporal requiresneisubtask fulfillment.
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Reciprocal interdependence means that information and results of work activities
have to be exchanged between team members continuously. Coordination is mainly
achieved via direct communication, be it in the form of personal tdiesc or
multilateral flow of communication between the individuals involved in self
regulated task performance.

1.18.6 FAAAC 120-71B

The FAA AC 12071B provided guidance for the design, development,
implementation, evaluation, and updating of standard opgratiocedures (SOP),
and also guidancdor pilot monitoring (PM) duties. The relevant part of the AC
120-71B was as follows:

CHAPTER 6. PILOT MONITORING

6.1 General. Several studies of crew performance, incidents, and accidents have
identified inadequate nmitoring and crosschecking as vulnerabilities for aviation
safety. Effective monitoring and cresisecking can be the last barrier or line of
defense against accidents because detecting an error or unsafe situation may break
the chain of events leading &m accident. Conversely, when this layer of defense is
absent, errors and unsafe situations may go undetected, potentially leading to
adverse safety consgences. Flight crews must use monitoring to help them
identify, prevent, and mitigate events thatynrapact safety margins. Therefore, it

is imperative that operators establish operational policy and procedures on PM
duties, including monitoring, and implement effective training for flight crews and
instructors on the task of monitoring to help the Pidelitiously identify, prevent,

and mitigate events that may impact safety margins.

This section describes effective monitoring, how to define and traiduRiets, and
integration of monitoring into SOPs. Additionally, the section discusses special
consideations for monitoring autdlight operations.

6.4 Defining Pilot Monitoring Duties. In a twoilot operation, one pilot is
designated as PF and one pildi desi gnated as PM. A r
manuals indicates that the roles and associated tasktkseoPF and PM are not

always clearly defined. Each operator should explicitly define the roles of the PF
and PM to include:

1. At any point in time during the flight, one pilot is the PF and one pilot is the
PM.

2. The PF is responsible for managing, and the BIVesponsible for monitoring
the current and projected flightpath and energy of the aircraft at all times.

3. The PF is always engaged in flying the aircraft (even when the aircraft is
under AP control) and avoids tasks or activities that distract from that
engagement. If the PF needs to engage in activities that would distract from
aircraft control, the PF should transfer aircraft control to the other pilot, and
then assume the PM role.

4. Transfer of PF and PM roles should be done positively with verbal assign
and verbal acceptance to include a short brief of aircraft state.

5. The PM supports the PF at all times, staying abreast of aircraft state and ATC
instructions and clearances.
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1.19

6. The PM monitors the aircraft state and system status, calls out any perceived
or potential deviations from the intended flightpath, and intervenes if
necessary.

7. The PF provides a briefing to a pilot returning from a break. The Imgefi
should include appropriate information to ensure the pilot returning from the
break is updated oaircraft and systems states and current ATC instructions
and assignments.

6.5 Operational Policies and Procedures. Operational policies and procedures
should be reviewed or developed to ensure the division of duties and responsibilities
between flight cre members protects the ability of the PF to control the flightpath.
Assigning nofflightpathrelated tasks to the PF should generally be avoided.
Operationa data should be collected and used to revise definitions of PF and PM
roles and responsibilities tensure their effectiveness. Operators are encouraged to
take an integrated approach in operations and training (e.g., initial and recurrent)
to emphasizehe responsibilities and importance of PF and PM roles.

A critical aspect of monitoring duties inclesl intervention when a deviation is
identi fied. Each operatorés policies,
cover flightpath intervention including humémhuman intervention.

Investigation Process

The investigationnvolvedthe National Trasporation Safety BoardNTSB) of the
United States of Americaas State of design and State of manufactuites
Australian Transpd Safety Bureau (ATSBYf Australia, the Transport Safety
Investigation BureayTSIB) of Singaporeas States providing asssaceand Air
Accident Investigation Bureau (AAIB) of Malaysia as State providing information
that assigned accredited representatace®rding to ICAO Annex 13.

The Aviation Investigation Bureau (AIB) of Kingdom of Saudi Arabia acted as
observer duringhe search oflight recorders.

Useful or Effective Investigation Techniques

The investigatiorwas conducted in accordance with tK&IKT approved policies
and procedures, and in accordance with the standards and recommended practices
of ICAO Annex 13.

KNKT share the experience of underwater flight recorder searching described in the
Appendices of this report.
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2 ANALYSIS

The investigation found that there were several mechanical irregularities on the
aircraft prior to the accident flight that had been presiypueported. This analysis

will discuss the reported problems and the rectifieceti performed. Since the
accident, additional safety issues were identified that existed prior to the accident
flight, such as basic aircraft design, aircraft certificatenmg organizatinal issues.

The investigation did not find any issue related to the air traffic control
transmissions and air traffic services radar system.

The analysis will discuss:

91 Previous flight crew actions which discuss the LNIO43 flight crew datisi
making that occurred during and after their flight.

M Maintenance in Jakarta which discusses the maintenance actions taken on the
accident aircraft prior to the accident flight.

1 Accident flight crew actions hich discuss the relation between flight crew
training and poficiency, flight crew awareness, flight crew workload, and
flight crew resource management.

1 Organizational issues which discusses the problems reported on previous
flights, replacement of AOA sensor, hazard reporting, dispatch of airandft, a
maintenance management.

1 MCAS design and certification which discusses the design of MCAS including
the assessments, certification process, related regulations, and regulatory
oversight.

T Xtra Aerospaceb6s rectificat instaledpm oces
the accident aircraft.

2.1 Previous Flight Crew (LNI043) Actions

Lion Air flight 043 (LNI043) was from DPS to CGK and was about 1.5 hours long.
The LNIO43 flight crew was able to successfully land the accidentaft while
experiencing the saenconditions as the accident flight. The investigation looked at

the flight <crewbs si t uaighideak indicatians,dheie s s
decision to continue the flight, and their reporting of encountered issues after the
flight.

2.1.1 Situation Awareness and Handling of Flight Deck Indications

TheCaptaid s i ni t iasthePF te thheactivadian pf stick shaker during-lift

off and subsequemésponse of numerous caution lights was to continue rotation by
maintaining pitch 15 degrees and ¢ixig takeoff thrust. After the Captain
transferred control to the FO, he cra$ecked the flight nstruments and
determined his instruments were errameolhe Captain action of transferring the
control prior to crosschealif the instrumentsnay haveindicated that the Captain
generally was aware of the repetitive previous problem of SPD and ALT flags and
the replacement of the left AOA sensor on this aircraft.

During acceleration and clean up, there were three occasions where the aircraft did
not climb msitively. Following the advice from the deadheading crew on the
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2.1.2

observer seat that the aircraft was diving down, the Captain commanded the FO to
follow F/D command and r&im the aircraft to retain appropriate climb path. The

FO commented thatthe airérda i s At oo heavy to hold b:
FO also unable to trim the aircraft as intended where the aircraft started to pitch
down after nosep trim was released. Observation of the aircraft to the condition
reinforced the Captain to cout the Stabilizer Trim. This action made the aircraft

under control and enabled the flight crew to fly the aircraft normally using the
manual trim.

Decision to Continue the Flight

As the flight crew able to control the aircraft, the Captain declared urgeticy c
(PAN PAN) to Denpasar Approach contro)lereported their problem and
performed three NofNormalChecklist of Airspeed Unreliable, Altitude Disagree
and Runaway Stabilizer. During the execution of the-momatchecklist, the
Captain reengagethe Stdilizer Trim Cutout switch, but it resulted ithe aircraft

to pitching down, consegutly Stabilizer Trim Cubut was returned to ctdut
position and the flight crew resumed flying with manual trim. After completion of
the nonnormatchecklist and dis@sion with the FO, the Captain decided to
continue the flight despite the existing condition and the deadheading pilot advised
him whether returning to the departure station would be appropriate. The stick
shaker remained activated throughout the flighe, teliable PFD was on FO side,
and aircraft was flown and trimmed manually. Further, the Captain of LNI043 felt
confident to continue thelight to the destination because the aircraft was
controllable and the expected weather along the route and aeghiaation was
good.

The QRH states, it S not possi bl e t
situations and in some multiple failure situations, the flight crew may need to
combine the elements of more than one checkilist. In all situations, tlancatst
assess the situation and use good judgn
The FCTM states that in a nowrmal situation, the pileth-command, having the
authority and responsibility for operation and safety of the flight, must nieke t
decision to continue the flight as planned or divert. However, on this flight, the
Captainbs decision t owashased onntheefacttthat t h e
requi r e me ratthernearessidithbeeaidr por t 0 i n -Ndrnhak t hr
Checklists wa absent.

As the flight crew decided to continue the flight, they informed the Denpasar
Approach controller that they had managed the situation, however when they
contacted the Upper West Madura controller, they transmitted again the urgency
call (PAN PAN with additional information that they having instrument problems
and requested to maintain flight level 280. Thiguest indicated that the flight
crew were aware with the existing aircraft system problems they would not be able
to fly at an RVSM Redued Vertical Separation Minimalevel. After being
transferred to Upper West Semarang, the flight crew restated todiem with
additional information and during the descent to destination they requested
uninterrupted descent path profile. This actioggasted that the flight crew were
aware of their existing flight condition (continuous stick shaker, manual flying,
manual trimming, FO PFD was the primary instrument) required a simplified flight
path management until approach and landing.
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The decision tocontinue a flight with stick shaker continually activated is not
common. The Boeing records showed thegiorted events related to stick shaker
activation during or shortly after takeoff on Boeing 737 aircraft had occurred 27
times between 2001 and 2013 those cases, the flight crew elected to return in 18
flights, three flights diverted to the nearest airport, five flights continued to their
destination (including the LNIO43 flight) and one flight unknown. The LNI043
flight crew decision to continue t stick shaker active is not common in
comparison to previous events of erroneous stick shaker. Wharirad with the
runaway stabilizer situation recognized by the flight crew, the decision to continue
was highly unusual.

During the flight, due to thexisting condition of the aircraft, the Captain told the
FALl that the fasten seat belt would be kept on all the way due to the weather
condition.This indicated that the Captain sensed the situation was at higher risk and
did not want the passengers to ra@around the aircraft while the flight crew was
flying manually. Additionally, the Captain asked the deadheading pilot to assist,
such as monitong aircraft flight path, listening to the Air Traffic Controller
(ATCo), ensuring that no checklist item waspped, and calculating required Vref
approach and N1 garound values. This action indicated that the Captain was
aware of the need to use all available resources to alleviate the matter to complete
the flight to the destination, despite the increasedkhad and stressful situation.

2.1.3  Flight Crew Reporting/Documentation of Issues

After parking in Jakarta, the Captamadean entry in the AFML about problems
experiencedluring the flight the IAS DISAGREE and ALT DISAGREE warning

and the FEEL DIFF PRES3ght illuminated were reported. These three problems
were the problems displayed in the messages on the PFD and the overhead flight
cortrols panel. The Captain did not mention the activation of the stick shaker as he
believed that the activation was the aarhe of the IAS Disagree problem. The
Captain also did not report the runaway stabilizer and the use of the STAB TRIM
CUTOUT guarded switches or that he had to use manual trim for the majority of the
flight and the landing. The incomplete report of the na@ical irregularities was

not in accordance with the requirement of @&t A, CASR Part 121 and ICAO
Annex 6.

The Captainds incomplete report i n th
understanding of the interrelationship between the effects experienced the

flight and the system failures that caused those effects, despite the fact they had
isolated the problem after the STAB TRIM CUTOUT switches were moved to
CUTOUT. Further, the requirement to report all known and suspected defects is
very criticalfor engineering to be able to maintain the airworthiness of the aircraft.

In addition, the STAB TRIM CUTOUT switches were returned to normal after
landing in Jakarta. Finding the STAB TRIM CUTOUT switches engaged would
have been additional informationedher the engineer performing maintenance.
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Maintenance in Jakarta

The engineer in Jakarta revi ewegbortedhe C:
thatlAS DISAGREE and ALT DISAGREE warning and FEEL DIFF PRElights
illuminated on the previous fligh The fault code was not documented in the
AFML. Thereafter, the engineer in Jakarta checked the OMF to focus the trouble
shooting, however the engineer did not record the maintenance message that
appeared in the OMF in the AFML. If the engineer was unawhthe maintenance
message and the fault code, this woulcrease the difficulty for trouble shooting

by the engineer.

The AFML showed that the engineer in J
DISAGREE showson PFDc apt ai nd6s 0. H ¢ oithevilelM task forh e  C ¢
Al AS DI SAGREE iChpwai nodsBPFRas not record

The I FI'M tasks of AALT DI SAGREEO on t
Procedur ed i nc ltuodcenducthhe flushéng by referrimg to the
corresponthg AMM task. This means that to complete the IFIM tasks, the flushing
procedure on the AMM must be completed. The flushing procedure as mentioned
on the AMM (which requires disconnecting the pitotiastatic lines) included a

leak test of the pitot andagic system which was described on the step K.

The IFIM task point B step (3) states that if the observed fault symptom has gone
after the flushing, then the fault has been corrected. After conducting flushing of the
left pitot ADM and static ADM, the engeer performed operational test and
considered that the problem was solved. Thereafter the engineer released the aircraft
to service. The leak test required by the AMM task on step K had not been
corducted which mean that the IFIM task point B step (2)ctmot be considered

as complete.

Both I FIM tasks of AALT DI SAGREEO and
tasks up to step (3) of the AFault 1 sol
of AALT DI SAGREE Capobwsn®@#n0 ,PFDelgftstatic e s ¢
system lowrange leak test and left pitot system leak test. While the step (4) IFIM
task for Al AS DI SACGGRER I nlOesws remq uRFR2s p
static low range leak $¢ and right pitot system leak test. The leak test ¢oh oM

tasks refer to AMM task that is the same as the leak test in step (3). This indicated
that the leak test required by the IFIM task step (4) was the repetition of the task on
step (3). This regtition is inefficient and does not contribute to thehbem

solving.

Further step of the I FIM tasRpdafai mMALSTO I
Al AS DI SAGREE § Baoopvtsaionnd sRFD equires perf
and performing visual inspection tke AOA sensors. There was no requirement to
perform AOA value test. The IAS and ALT disagree reported which occurred on

the LNIO43 flight which was caused by AOA sensor bias, would not be able to
solve by both IFIM tasksfo A ALT DI SAGRIEHDIT Gahpotwasi ndrs 0
Al AS DI SAGREE iCapwai no6sBFD
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231

The AOA DISAGREE message was not enabled and was inhilitedforejt did

not appear on the LNI043 flight. If the AOA sensor bias had generated the AOA
DISAGREE message, the flight crew most likely wodtttumenthe alert as it was
displayed on the FD. The AOA sensor bias would have been detected by the IFIM
task AAOA DI SAGREEO which requires che
AOA DISAGREE messageontributed tahe inability of the enigeer to rectify the

failure of the AOA sensor.

The certifi@ design of Boeing 738 (MAX) was to include an AOA DISAGREE
message on all aircraft. The software which generates the AOA DISAGREE
message was subcontracted by Boeing another company. The installed software did
not include the AOA DISAGREE message forcaaft that was not installed with

the AOA indicator. The Lion Air elected not to enable the AOA indicators on the
PFDs and such the AOA DISAGREE message would not appear on both PFDs
even though the DFDR recorded AOA value difference of about 21°.

The lack of an AOA DISAGREE message did not match the Boeing system
description that was the basis for certifying tiecraft design. The software not
having the intended functionality was not detected by Boeing nor the FAA during
development and certificatioof the 7378 MAX before theaircraft had entered
service. Soon after, Boeing reviewed the situation and concluded thka
inoperative AOA DISAGREE message on selectadraft did not represent a
safety of flight issue. One consideration was thialiteonal maintenance alerts (e.g.
stuck AOA or bent AOA) were still available. As a resuie implementation eor

was scheduled to be corrected for the next display systémareupdate

Accident Flight Crew Actions

The accident flight crew had flowngdsether twice prior to the accident flight. Since

the accident flight crew was presented with the same indications as the previous
flight, the investigation | ooked at t h
flight crewbs wor ktheaiecmft conditiore hefore thdghtr e n e s
and their crewesource management (CRM). Also reviewed was the-Narmal
Checklists (NNC) procedures, memory items, transfer aftrols, flight crew
communication, and the lack of MCAS training or flight cremaeeness of MCAS.

Flight Crew Training and Proficiency

After the IAS DISAGREE had been identified, the Captain instructed the FO to
perform memory items of Airspeed Unreliepand the FO did not perform them.

The first four items of the Airspeed Unrelil@abNNC are memory items to be
performed by memory and must be done before reading the checklist. The Captain
repeated the command about two minutes after without mentioning the NNC title
and the FO was confused of the memory items to be performed. Abuirute

later, the FO asked to the Captain of the memteny ito be performed to which the
Captain responded AnAirspeed Unreliable
locatethe checklist. Aboul minute later, the FO found the checklist and started to
readthe checklist.
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The Airspeed Unreliable proceduseone of the checklists which are listed on the
Quick Action Index. The Quick Action Index is available on the cowagepof the

QRH and the Airspeed Unreliable is on the second line of the list. Thiitynédy

the FO to perform memory items and locate the checklist in the @QRHimely
mannerindicated that the FO was not familiar with the NNC. This condition was
reappearance of misidentifying NNC whic

The itemnumber 8of the Airspeed Unreliable NNC requires the flight crew to cross
check the captain, first officer and standby airspeed indicators, when the aircraft is
in trim and stabilized. The airspeed indication requires to be compared with a table
and indicabn that differs by more than 20 knots 6r03 Mach should be
considered unreliable.

On the accident flight, the aircraft altitude was unable to be maintam®dha

MCAS activated repeatedly. These conditions did not meet the requirement of the
NNC for the flight crew to compare the airspeediaators and the table as the
aircraft would not be in trim and stabilize condition. The FDR recorded that the

di fferences of the Captainds and the F
which was below the vaé to be considered as unreliable.

Despite the flight crev s a t texeoup df the NINC,due to increasevorkload,

and distractioa from the ATC communication, the NNC was unable to be
completed in that situationThe unfinished NNC made it difficufior the flight
crew of LNI610 to understand the aircraft problem and how to mitigate the
problem.

While the aircraft control was being transferred by the Captain to the FO, the right
altimeter indicated 5,900 feet, the pitch trim was 5.4 units. A few sisdatter the
MCAS activated foB seconds and the pitch trim changed from 5.4 to 3.4 units. The
FO commented on abnormality of the aircraft control but did not clearly specify the
abnormality. The FO commanded Aircraft Nose Up (ANU) trim and the pitch trim
changed to 3.6 unit.

The pitch trim continued decreasing as the following activations of MCAS were not
countered by the FO sufficiently trimming the aircraft nose up. The control column
force increased up to 103 lbs (46 kg) while the aircraft still delmbwhich
indicated that the force exerted was insufficient to maintain aircraft altitude. During
the repetitive MCAS activations, the Captain managed to control the aircraft
altitude when the pitch trim was maintained above 5 units by commanding the ANU
pitch trim to counter the MCAS trim daw The FO was unable to control the
aircraft as theepetitiveMCAS activations were not countered by adequate trim up
input. The commorflight crew reaction to a heavy control column is by providing
adequate trim. TBisuggests hat whi |l e t he Captainds tr
him to recognize the need for sustain
expeaience did not.

This condition was also in agreement w
several commnts indicating that the FO had difficulty in aircraft handling. The

Lion Air policy for such deficiencies was that the flight crew would be treated with
additiona briefings or rehearsal. The reappearance of difficulty in aircraft handling
indicated thathe treatment was not effective.
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Flight Crew Workload

Before the flaps were retracted and MCAS activated, workload for the flight
crew was high but should have been managedtekload can be managed by
training, knowing procedures, managing or mgkcontrol of the known situation
and using crew resource management (CRMJring the takeoff roll, the DBR
recorded different values of left and right AOA sensors abouti2t the difference

was not displayed in the cockpit. The flight crew did notede any aircraft
abnormality. Just after liftoff, the left stick shaker activated and numerous messages
on the PFD were displayed. After the flaps were retracted by the flight crew,
automatic aircraft nose down trim was activated repeatedly which wgesre by
MCAS. The MCAS activation required correction to maintain altitude by applying
aft control column force to correct pitch and using electric trim to neutralize the
column forces.

Typical markers for high workload include dropped task, reducedoerérmance,

and reduced verbalization. High workload for the Captain could be identified by his
short reponses to the FO, his difficulty to maintain an assigned heading and
altitude due tarepetitive MCAS activation, and his failure to manage speed and
thrust, and call out flap retraction points.

The FO asked the controller of the aircraft altitude and &ser asked the indicated
speed on the ATC radar display. The FO question may indicate that the flight crew
were not confidence to the cockpit inglions and attempted to obtain other source
of information. However, the ATC radar receives altitude data transmitted by the
aircraft 6s amdeHeATA raddr systerd displayed the ground speed
based on the aircraft movement calculation on therraglatemtherefore, no
additional data may be acquired. Being unable to determine which source was
unreliable might increase stress to the flight cr@me flight crew workload
increased with the ATCo communication when the controller provided eight
headimg instructions after the flight crew reported that the airavafiexperiencing

a flight control problem. Téa ATCo considered a flight control problem was not an
emergency condition which was consistent with ATS SOP of AirNav Indonesia
branch JATSC. Theneas also no objection by the flight crew to the ATCo heading
instruction and the flight crew did not declaae emergency. The absence aof
declaration of urgency (PAN PAN) or emergency (MAYDAY), or iagkfor
special handling, reselt in the ATCo not poritizing that flight With priority,

ATC would notrequire LNI610 to maneuver repeatedly.

During the simulation of the accident flight on the Boeing engineering simulato
the flight crew were distracted by the ATCo communication and claimed that it
significantly increased the flight crew workloadihe JATSC Standard Operation
Procedure for Approach Control Services, Chapter 6.2, mentions that the conditions
when flight crew report any instrument malfunction that might be suspected or
classified as an eangency situation. The flight control problem as reported by the
accident flight crew was not listed as a suspected emergency situation. The ATCo
did not consider the fligt control problem as an emergency situation that restricted
communication.
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Flight Crew Awareness of Condition of Aircraft

During the LNI610 flight preparation, the CVR recorded flight crew discussion
related to the Deferred Maintenance Item (DMI) but the flight crew did not discuss
any issue related to previous aircraft problem recondéde AFML. The OMpart

A subchapter 2.1.14.3 dedwes that one of the Captain responsibilities is to
examine the AFML to inquire about the technical status of the aircraft before the
flight.

The absence of flight crew discussion of the previous pnolsleggests the flight
crew might not be aware of aircraft problems that might reappear during their flight.
This was different compared to the flight crew of the LNI043 flight, who had
awareness of the aircraft condition after discussion with the engateeit the
aircraft problem and the rectification pritr the flight which may have helped the
flight crew to immediately identify the problem correctly.

Being unaware of multiple problems that occurred on the previous flight, including
the stick shakerdivation and uncommanded AND trimakto the inability of the
flight crew to predicand be prepared to mitigatee everd that might occur.

In LNI610 flight, while the multiple problems occurred, the activation of stick
shaker and MCAS activated repedly, the flight crew attempted to complete the
NNC, as they are trained to refer to QRH in abnormal condition. The NNC should
be performed to identify and mitigate the problem. However, the NNC was unable
to be completed in that situation. Therefore, luthie end of the flight, the flight
crew was unable to complete the NNC and identify the problem. This made the
flight crew did not understand the aircraft problem and how to mitigate. The
activation of stick shaker indicated that the aircraft was abostaid while the
cockpit instrument indicated the pitch was relativielyel and the speed relatively
high. The cockpit instrument did not indicate that the aircraft was close to stall
condition which contradicted to the stick shaker activation. The &insas not
equipped with AOA indicator and the AOA disagree message imibited, so
there was no information provided to the flight crew of the AOA sensor that trigger
the activation of stick shaker. This made the flight crew was not aware of the real
aircraft condition.

Flight crews trained on previous versions of the B&¥craft would have been
aware of the AOA DISAGREE message on the PFD, should such a condition arise.
However, because the AOA DISAGREE message was not available or8B737
(MAX) aircraft not fitted with the optional AOA indicator, flight crews would not

be aware that this message would not appear iAtbA DISAGREE conditions

were met. This would contribute to flight crew being denied valid information about
abnormal conditions beinfaced and lead to a significareduction insituational
awareness by the flight crew.

No information about MCAS was given in the flight crew manuals and MCAS was
not included in the flight crew training. These made the flight crew unaware of the
MCAS and its effects There were no procedures faritigation in response to
erroneous AOA.
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2.3.4 Crew Resource Management

Crew Resource Magement (CRM) refers to the effective use of all available
resources: human resources, hardware, and information. Theseeaciiviiude
communication, problem solving, decision making, maintaining situation
awareness, workload management, and dealing with automated systems.

During the accident flight just after airborne, the left stick shaker activated,
followed by IAS DISAGREEMessage. Shortly after, the Captain exclaimed that the
aircraft had problems. The FO mentioned auto brake disarm twice and IAS
disagree, and then asked whether the Captain intended to return.

The guidelines for handling a normal situation, accordintp the NonNormal
Operation chapter in the FCTM, are recognition of-nommal condition, maintain
aircraft control, analyze the situation, take the proper action, and evaluate the need
to land.

The Lion Air OM-part A describes that during an abnormal sitt i on, At he F
allocate the crew duties to ensure that the highest level of situation awareness is
maintained in the cockpit and cabin. This will prevent all attention being totally
directed at resolving the emergency or abnormal situation to thendet of safe

flight. Any ambiguities, confusion, unresolved discrepancies or use of improper
procedures must be discussed immediately, and if necessary, a missed approach

i nitiated to allow remedi al actioem at
allocation of the crew duties and did not clearly verbalize the plan to hold or to
troubleshoot the aircraft problems.

The Captain and FO did not have a shared mental model of the situation as
exhibited by their lack of clear and effective communicatkor. example, the FO

did not conduct memory items for the airspeed unreliable NNC when asked by the
Captain and the Captain did not verify that the FO did not conduct the memory
items when asked. The Captain also did not verbalize information regarding the
aircraft state or the need to trim out increased column forces when he transferred
control to the FO near the end of the flight.

The Lion Air OM-part A describes that during abnormal and emergency situations,
ATC communication is the task of PF which Hhist flight was the Captain, while
completing procedure is the task of PM. During this flight, the ATC communication
and completing checklist were handled by the FO as PM.

The CVR showed that, while the FO reading the NNC, the Captain responded with
shortanswer or did not respond. Meanwhile, when the aircraft heading or altitude
was not correct, the FO did not provithee required callouts to the Captain except
one altitude callout. The Captain also did not call the flap positions to the FO and
had to ke prompted by the FOfter passing the flap retraction speeds. This might be
due to both pilots focusing on their own task. The Captain was focusing on
controlling the aircraft which had flight control problem and the FO was focusing
on completing the procedai which took time for the FO to accomplish.
Additionally, the FO was not monitoring the flight path progress aswas
performing an NNC procedure. Both pilots being preoccupied with individual tasks
indicated that the crew coordination was not well penf.
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2.4
241

The DFDR recorded that the Captain managed to control the aircraft altitude by
counteracting the MCAS action. The Captain did not verbalize to the FO the
difficulty in controlling the aircraft and the need for repeatédraftnose up trim.

The FO vas preoccupied with completirtge NNC and not monitoring the flight
progress. It could not be determined why the Captain did not communicate this
critical piece of information: whether he was unaware that he was trimming to the
extent he was, that high wdoad led him to ask shed the importance of
communicating the state of the aircraft, or that he believed the F@l waturally
recognize the need to trim the aircraft without him having to verbalize this.

Subsequently, the FO was not able to anticighee need for repeated pitch
corrections and nose up trim and did not use adequate electric trim to counter
repetitiveMCAS activations while controlling the aircraft.

The Lion Air OM-part A related to handover controiddnot mention any
requirement to dscribe specific handling situation to the flight crew receiving the
control. Even hough it was not required per Lion Air procedure or Indonesia
requi rement , the absence of Captainds
difficulty to understand theituation and may have contributed to his inability to
mitigate the problem.

The Captain training record showed a remarkCoéw Resource Management
(CRM) need to be improvednd one assessment ént e amwor kK exer ci
remark was to use standard sigioa effective communication and good team work
during abrmal or emergency situation.

The flight crew, as a team, should have a common goal of flying the aircraft safely.
The essence of team action is the coordination, synchronization, and integfation o
the contributions of all team members into a series of collective responses. The
required action by the flight crew as a team is described in the procedure, while in
this accident flight the poedure of ATC communication task was not
implemented. The ifjht crew was preoccupied on their own tasks without
coordnation. Most of the components of effective crew coordination were not
achieved, resulting in failure to achieve the common goal ofdlyive aircraft
safely.

Organizational Issue
Problems Handling on Previous Flights

The first indication of the SPD (speed
PFD was recorded when the aircraft arrived at Manado fronmjiffjahina, on 26
October 2018. The maintenance actions taken by the engineer in Maeaglo w
believed to have rectified the aircraft problem and the engineer then released the
aircraft to service.

The aircraft then continued the flight from Manado to Denpasar. The DFDR
recordedsimilar signaures of faulty data on left Calibrated Air Speed &/Aand
barometric altimeter during cruising which indicated that tR® &nd ALT flags
appea ed on the Thetavaemwmts FFDSPD and ALT
was the second event on the aircraft and according to the CMM should be classified
as repetive problem
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Subsequently, the aircraft continued the flight from Denpasar to Lombok and
returned. The DFDR showed valid AOA values which indicated that the airspeed
indicator and altimeter functioned normally. This was consistent with the result of
AOA sensor examination which indicated that the resolver 2 became unreliable
during cold temperature, and no cold temperatures were encountered on the
relatively low altitude flight to and from Lombok.

The aircraft continued the flight from Denpasar to Mamadlfter that flight, the

flight crew reported on the AFML that the SPD and ALT flag appeared on
Captainbs PFD. The DFDR recorde&andhe s
Barometric Altitude during cruise until landing.

The AFML recorded that refermgnto IFIM task 2732-00-810-816 (SMYD Fault)

the engineer in Manado performed a getft of the SMYD 1 with result fail. The
correlated maintenance messages shown on the OMF directed the engineer to
conduct Build in Test Equipment (BITE) test on the Hijlanagement Computer
Control Display Unit (FMC CDU) which showed the Angle of Attack (AOA) signal

fail. The engineer aware that to complete rectification requirddaement of left

AOA sensor and did not have the spare part available in Manado. TWad$k

also ordered to perform wiring check of the left Air Data and Inertia Reference Unit
(ADIRU) however, due to rain, the engineer did not perform wiring check due to
the lightning hazard.

Referring to the IFIM, the engineer reset the circuit bre@®RB) of the left ADIRU

and SMYD 1. After resetting the CB, the engineer conducted the system test of
SMYD 1 and Digital Flight Control System (DFCS) test via FMC CDU to which
the system passed.

The following morning during flight preparation, the engingest with the flight

crew and described the rectification of SPD and ALT flag problems. The flight crew
that had flown the aircraft from Manado to Denpasar were santg rgw who

flew from Denpasar to Manado. The flight crew mentioned that the problems
appearing several times and should be considered as repetitive trouble. The engineer
mentioned that problem rectification would be better to be performed in Denpasar
andsuggested to continue the flight considering that the SPD and ALT flags had no
longer ppeared on the Captd@ir®FD. This indicated that the aircraft was released
with known possible recurring pradh.

In the flight from Manado to Denpasar, the flight crew reported that during takeoff
roll the Autothrottle (A/T) disengaged and while pagsin,000 feet the SPD and
ALT fl ags appear & DEDR reCaledtithe A/M disengd&ddn
takeoff roll and the signatures of faulty data on left CAS and Barometric Altitude
occurred after both engines started. This mélaatsthe SPD and ALT digs on the
Captainbés PFD most | ikely had appeared
of A/T during takeoffroll was also caused by the failure of the Capsaile ADIRU

speed input to the A/T system.

The Lion Air OM-part A stated that any failurédt occurs after off blockequires
accomplishment of abnormal procedure. After thidufe has been identified and
prior to takeoff, the Minimum Equipment List (MEL) must be consulted aigkeif
MEL classified aafiN O Gi@m, the flight crew must retnr The Boeing 738
(MAX) MEL did not include indicated airspeed or altimetén item that is not
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2.4.2

included in the MEL and related to airworthiness is required to be operative. The
decision br the flight crew continuing the flight with an unserviceablesped
indicator and altimeter was contrary to the company procedure.

The disengagement of A/T during takeoff and the DFDR data showed the airspeed
indicator and altimeter hadiked prior to takeoff should have prevented the aircraft
for dispatch, howewe the flight crew elected to continue the flight which contrary

to the Lion Air manual.

Replacement of AOA Sensor

After arriving in Denpasar at 0205 UTC (1005 LT), the flight crew reported that
SPD and ALT fl ags appear ed rotte distagpged i n 0 ¢
on takeoff roll. The flight crew mentioned to the engineer in Denpasar that the
problems had appeared repeatedly.

The engineer checked the OMF and found the maintenance message316fL27

FMAD dat a i-31018 RADURO-L ine2tidldat a i s | n2lBV i do
AADIRU-L ADR data signal isind | i d 0 -2H1A3#A GBM s i gnal out ¢
The engineer conducted BITE test via FMC CDU and found maintenance messages
of 3421007AADR Dat a | nRIHAIMADA asndgnaAd4d fail 0.

The mainénance message of-241 123 A AOA si gnal out of
task 3421-00-8108 28 A AOA signal is out of range
The I'FI'M tasks #AAOA signal is out of r

AOA sensor if the maintenance message was still ackive.engineer in Denpasar
considered that the problem had agueel repeatedly and for the trouble shooting,
the engineer decided to replace the left AOA sensor. The engineer coordinated with
Maintenance Control Centre (MCC) in Jakarta, requesting AOA sspace.

The AOA sensor spare arrived in Denpasar about 1000 UTC (1800 LT) and the
engineer replaced the left AOA sensor.

After the installation, the AMM required an installation test that can be performed
with recommended method which requires test egaift of AOA test fixture SPL

1917 or alternative method usitite SMYD BITE module. The test fixture was not
available in Denpasar therefore the engineer performed the installation test by
alternative method.

The alternative method was performed by deihgcthe AOA vane to fully up,
center, and fully down while observing the indication on the SMYD computer for
each position. The AOA values indicated on the SMYD computer during the test
were not recorded even though BAT procedures required it, howevengeeer

in Denpasar stated that the test result was sabvsyjacThe rectification was
completed about 1230 UTC (2030 LT).

The engineer in Denpasar provided to the investigation some photos of the SMYD
unit during an installation test as evidence of tisfectory installation test result.

The investigation confined that the SMYD photos were not of accident aircraft
and considered that the photos were not valid evidence.

Following the accident, NTSB and Boeing performed AOA sensor installation test
on an aircraft with an AOA sensor that deliberately misaligneB8% bias before
install. The installation test was performed by alternative method referred to in the
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AMM. The test result indicated that a misaligned AOA sensor would not pass the
installationtest as the AOA values shown on the SMYD computer were out of
tolerance and AAOA SENSR | NVALI DO mess
module. This test verified that the alternate method of the installation test could
identify a 21° bias in the AOA sensor.

After the installation test, the Denpasar engineer considered the aircraft problem
had been solved and released the aircraft for flight. The Denpasar engineer briefed
the LNIO43 flight crew about the aircraft problems and the rectification that had
been perfomed. The Captain &s convinced that the problems had been solved.

On the flight from Denpasar to Jakarta, the DFDR recorded AOA differences with
the value in the left AOA sensor was approximately 21° higher than the right AOA
sensor. Referring to the Bogg AMM for AOA installation test result, the
misaligned AOA sensor should have been detected during the installation test using
alternative method in Denpasar.

Comparing the resudtof the installation test in Denpasar and Boeing, the
investigation could ot determine that thAOA sensor installation tesbnductedn
Denpasar were successful.

Replacement of AOA sensor proved to be the solution to rectify the SPD and ALT
flags that were reported appead on Captainds PFD, how
installed wa misaligred by about 21°and the result of the installation test in
Denpasar could not be determined with any certainty.

2.4.3 Hazard Report

The reporting procedure of hazard or occurrence described in thpa@iM\ was
different with the description on the SW1. In addition, the welbased application
software mentioned in both documents referred to the oldbaebd application
which had been changed, while the initial SMS training material revisiez009
described the new wdlased application software. Th&ll043 Captain reported
the flight event to the SS Directorate using the new-basged application software
by filing the ASR online form.

The different descriptions in sevetabn Air different between Lion Air CMM and
BAT AMOQSM r company manuals inclited that the company manuals were not
synchronized.

The Lion Air SMS training syllabus included the risk management subjects
consisted of hazard identification and three other topics which scheduled to be
delivered in1 hour. The syllabus alsoclude 1 hour group activig of hazard
observation and risk managements. T3S training recurrent was conducted
every 3 years and delivered i@ hours duration. The recurrent includes the risk
management subject which delivered in 30 minutes.

The investigationconsidered that theamount of time to cover thdazard
identification topicin the SMS training syllabus was insufficieiibis may reduce
the ability of employees to define and report a hazard. Consistently, théition
safety report on December 2018 rhpsonsisted of occurrence report and only
about5 percent of hazard report.

The LNI043 flight that experienced multiple malfunctions were considered caused
or could have caused difficulties in controlling the aircraft. According to the ICAO
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Annex 13, C/SR part 830 and Olart A, the flight is classified as serious incident
which required investigation by the KNKT in accordance with the Aviation Law
Number 1 of 2009 and Government Decree Number 62 of.2013

The OCD and Duty Managnent Pilot as part of Opion Directorate handle
operational isses after normal office hour and responsible to ensure the Safety and
Security (SS) Dectorate is notified when serious incident occurs after the normal
office hour.

The problemghatoccurred on flight LNI043 waseported by the Captain to the SS
Directorate and Duty Management Pil&@pecifically, the Captaimentioned that

the flight exgrienced airspeedisagree and altitude disagree. The report did not
mention information of stick shaker activation, StabiliZerm Cut Out guarded
switches selection anthe difficulties to control the aircraft. With the information
provided, the Duty Management Pilot considered that the occurrence a daily aircraft
problem and it was not classified as urgent safety attentigicathigh severity or
airworthiness matters of concern. Therefore, the Duty Management Pilot did not
seek the detail of the event to the LNIO43 Captain nor coordinated with the SS
Directorate. The assessment to the report might have the same resulsaiée
report was also reported to the OCIlhe AFML entry for LNI043 which did not
contain additional details about what was experienced was not in accordance with
company guidance provided in GRart A, Section 11.4.9 which lists reportable
events to inal d e AWarning or alert, includin
warnings, stall warning (stieghaker), fire/smoke/fumes warning

The SS Directorate did not notice the occurrence since the rgasfiled outside
normal office houws and the report to @ety and Security Directorate was not
processed until the office hawn the following day.

The insufficient SMS training and inability of the employees to idemti&hazard

might alsobe indicated by the incompletpostflight report of the problemghat
occurred on LNIO43. The incomplete report became a hazard as the known or
suspected defects were not reported which might make the engineer unable to
properly maintain the airworthiness of the aircratft.

Content of the report did not trigger the Duty Magagnt Pilot to asseslis asa
Serious Incident and enabdesafety invesigation. The risk of the problembat
occurred on the flight LNI043 were not assessed to be consideadthaard on the
subsequent flight.

24.4 Maintenance Management

The maintenancananagement of the Lion Air was the responsibility of the
Maintenance ah Engineering Directorate. The maintenance program of the Boeing
737-8 (MAX) was described in the Lion Air Continuous Airworthiness
Maintenance Program (CAMP) Boeing 78 {MAX). The investigation found that

the CAMP applicable on the day of the accident was revision dated 28 February
2018. The PKLQP was operated by Lion Air since August 2018 had been included
in the ACL and temporary revision of aircraft applicability list of the CAMRe

ACL referred to the CAMP issued on 28 February 2018 and invaeetgdid not
receive the ACL revision to reflect the CAMP temporary revision. This indicated
that the CAMP was not updated in timely manner.
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The maintenance performance of the Lion f\&et was conducted by the Bata

Aero Technic (BAT) under the agreement which covered the aircraft maintenance
activity. The agreement does not relieve the Lion Air of their aircraft airworthiness
responsibility, refer to the CASR part 121 subpart 121.383s policy was
described in the Company Maintenance Manual (CMM) where the maintenance
audit and surveillance were conducted by the Lion Air quality assurance department
and the maintenance oversight conducted by the Lion Air quality control
department.The Lion Air Fleet MaintenancéManagement (FMM) department
monitors the aircraft serviceability daily.

The FMM department coordinated with the BAT Maintenance Control Centre

( MCC) depart ment and BAT ndBapak As uhoc
monitoring including the aircraft repetitive problem. The duties and responsibilities

of the MCC department and the BAT fABap:
BAT AMOQSM procedure manual.

The definition ofan aircraft repetitive problem was different betweeiorlL Air

CMM and BAT AMOQSM. The Lion Air CMM described that the aircraft problem
categorized as the repetitive problem if discrepancy twice recurs on the same
aircraft during 30 consecutive days of operation, while BAT AMOQSM stated three
times within 30 onsecutive days.his difference indicated that the Lion Air did not
monitor the repetitive problem policy the BAT asasubcontracted entity.

The AFML is the only source of the daily aircraft problem monitoring in which the
problem may be identified bihe flight crew or engineer. If the aircraft problem is

not stated in the AFML, the repetitive problemay not be detected. The
investigation found that the SPD and ALT flags problem was reported twice in the
AFML on 26 and 27 October 2018 while the DFD#arded the problems occurred
three times. Ta SPD and ALT flags problem during the flight from Manado to
Denpasar on 27 October 2018 was recorded on the DFDR but was not reported in
the AFML. The absence of aircraft problem report affected the repepitoldem
identification. The investigation didot find any evidence of handling the problem

as repetitive according to the CMM, other than the statement on the AFML for
replacement AOAsensorwed ue t o repetitive probl emo

The OMF has the history pagéhiwh contains record of the aircraft problems which
can be utilized as a source for aircraft problem monitoring. The BAT has not
utilized the OMF information as the source of aircraft problem monitoring.

During the replacement of the left AOA sensor, th&tallation test of the AOA
sensor required the engineer to check the angle deflection of AOA seagbev
SMYD. The BAT LMPM required the engineer to record the test values to ensure
that the test results were within tolerance. The engineer did cmdréne value of

the AOA angle deflection during th&OA sensorinstallation test.

The OMF and Interactive Fault Isolation Manual (IFIM) provide trouble shooting
guidance for the engineer. The investigation found that the engineers were prone to
enteringthe problem symptom reported by the flight crew in the IFIM first instead

of reviewing the OMF maintenance message. Conducting this method might lead
the engineers into the inappropriate rectification task.

The Fault Reporting Manual (FRM) helpsdwedly appoint the proper IFIM task
by fault code for particular problem entered by the flight crew. The fault code may
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direct the engineer to the relevant problem and prevent the unnecessary presentation
of several faults, IFIM tasksr maintenance messagése investigation found that

all AFML pages received by the investigation did not contain fault £otee
absence ofhe fault code repodd by the flight crew may increase the workload of

the engineer and prolong the rectification pesce

2.5 MCAS Certifi cation
251 Design/Certification
2.5.1.1 Reason MCAS added to Aircraft

TheBoeing 7378 (MAX) is derivative of the 73800 model and is part of the 737
MAX family (737 MAX 7, 8, and 9). ThdBoeing 7378 (MAX) incorporated the

CFM LEAP-1B engine, which has a larger fallameter and redesigned engine
nacelle compared to engines installed ba 737 Next Generation (NG) family.
Because the 738 is a derivative of the 73800 model, its certification basis,
which was established per 14 CFR 21.101 Changed Product RulegdeBoeing

to demonstrate compliance with Amendmentl3®6 for signifi@ant areas of change

at the product level and those areas affected by the significant product level change.

During the preliminary design stage of tBeeing 7378 (MAX), Boeing testand
analysis revealed that the addition of the LEB® engine and associated nacelle
changes was deemed likely to negatively affect the stick force per g (FS/Q)
characteristics required byl4 FAR 25.255 ad the controllability and
maneuverability requirenmés of 14 FAR 25.143(f). After the study of various
options for addressing this issue, Boeing implemented aerodynamic changes as well
as a stability augmentation function called the Maneuvering Characterist
Augmentation System (MCAS), as an extensibthe existing Speed Trim System
(STS), to improve aircraft handling characteristics at elevated angles of aitack.
MCAS was needed in order to make tiBoeing 7378 (MAX) handling
characteristics so similar to the NG versions that no simulator trawvasgneeded

for type rating. It was also required so that the 737 MAX passed the certification
that the pitch controls could not get lighter on the approach to stall. If the aircraft
had substantially different pitch behavior, then there would be a sontitaining
requirement for the pilots.

As the development of thBoeing 7378 (MAX) progressed, the MCAS function
was expanded to low Mach numbers. MCAS is designed to function only during
manual flight (autopilot not engaged), with thecraft flaps up at an elevated
AOA.

2.5.1.2 FHA for MCAS Related Failures

The investigation reviewed sections of
Control System Safety Anal ysi s t hat pertai
included asummaryof the functional hazard assessmimtlings for the 737 MAX
stabilizer trim control systenfzor the normal flight envelope, Boeing identified and
classified t wo hazardeadeadkdsMCASDedacwi v
i ma j. The major classification used by Boeing indicated a remote bpilipaf
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this hazard occurring and that it could result in reduced control capability, reduced
system redundancy, or increased crew workload. Otlassification categories

i ncl Midreo Hg DarfidouGa,ttasamdpthi c. 0 Because U
funcion was ¢ diag iodoeingediB ndt perform a specific fault tree
analysis for an uncommanded MCAS hazard.

One of these hazards, applicable to the MCAS function seen in this accident,
included uncommanded MCAS operation to original maximum authofi®.6°.
Boeing indicated that, as part of the functional hazard assessi@egibpment,
flight crewassessments of MCA®lated hazards were conducted in an engineering
flight simulator with motion capability, including the uncommanded MCAS
operation (stbilizer runaway) to the MCAS maximum authority.

This assessment of Major failure effetiti not requireBoeing tomore rigorously
analyze the failure conditian the safety analysisisingFailure Modes and Effects
Analysis (FMEA) and Fault Tree Analys(§TA), as these are only required for
Hazardous or Catastrophic failure conditions.

During the process of developing and validating the Functional Hazard Analysis
(FHA), Boeing considered four failure scenarios including uncommanded MCAS
function to themaximum authority limit oR2.5° of stabilizer movemenHowever,

the uncommanded MCAS function to maximum authority was only flight simulated
to high speed maximum limit of @6but not to low speed maximum limit of 2.5

of stabilizer movementBoeing als not consideredrepetitive erroneous MCAS
activations

To perform the simulator tests, Boeing induced a stabilizer trim input that would
simulate the stabilizer moving at a rate and duration consistent with the MCAS
function. During this investigation,d&ing indicated to investigators that the failure
modes that could lead to uncommanded MCAS activation (such as an erroneous
high AOA input to the MCAS, as occurred in the Lion Air accident) was not
simulated as part of these functional hazard assessuai@aldtion tests.

Boeing also indicated that engineering and test pilots discussed the scenario of
repeated uncommanded MCAS activation during development @dbimg 7378

(MAX) and deemed it no worse than single uncommanded MCAS activation
because it ws assumed that the pilots would trim out uncommanded trim inputs to
maintain control of the aircratft.

Repetitive MCAS activations without adequate trim reaction by flight crew
would escalate the workload and hence failure effects should have been
recansidered.During FHA, the simulator test had never considered a scenario in
which the MCAS activation allowed the stabilizer movement to reach the maximum
MCAS command imit of 2.5° of stabilizer movementTherefore, their combined
flight deck effects weraot evaluated.

The FHA for uncommanded MCAS activation was classifiedagor therefore,

the FMEA and FTAwere not required. FMEA would have been able to identify
singlepoint and latent failures which have significant effects as in the case of
MCAS deggn. It also provides significant insight intmmeans for detecting
identified failures, flight crew impact on resolution of failure effect, maintenance
impact on isolation of failure and corresponding restitutibsystem
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FTA would have also been able show if the system architecture meets the
numerical criteria set by the FHA. Agaim, general, only failugs categorized as
Hazardousor Catastrophic are evaluated, even though in some situations, complex
singlestring Major failures are evaluated. Anethbenefit of FTA that had been
missed was tademonstrate compliance with pabilities for combinatns of
failures. If a system does not meet minimum allowable probability, FTA can
indicate where system is deficient and where mitigating action can bedapp

2.5.1.2.1 Assumptions on Flight Crew Initial Response Time

In performing the FHA, Boeing considered the following factors and assumptions
consistent with 14 CFR 25.671, 25.672, and guidance from AC2for 25.143:

A Uncommanded stabilizer motion, regardlessairce, is readily recognizable to
the flight crew via unintended flight path changes and unexpected motion of the
trim wheel.

A The MCAS stabilizer motion is limited to the maximum MCAS authority
without flight crew action and the flight path can be conliedl with column
input alone without excessive shoetm force.

A The crew will take prompt action to reduce the high column forces and return the
aircraft to trimmed flight.

Alt is appropriate to rely on trained crew procedures, especially if these
procedurs are considered memory items.

The assessment was also based on an assumption that the flight crew was highly
reliable to respond correctly and in time. Boeing followed FAA guidance that the
flight crewwould respond within 3 seconds to any changes ihtfligndition. The
assessment was that each MCAS input could be controlled with control column
alone and subsequently-ttmmed to zero column force while maintaining flight
path.

Following the accident Boeing issued flight crew Operation Manual Bulletin
(OMB) that emphasize the procedure of runaway stabilizer in the case of
uncommanded nose down stabilizer trim due to erroneous AOA. This was a trained
flight crew memory item in 73RG which could have been an option available to
the flight crew. Howeverthe procedure was not reintroduced during transition
training and there was no immediate indication available to the flight crew to be
able to directly correlate the uncommanded nose down stabilizer to the procedure.
Therefore the assumptiorof relying an trained crew procedures, to implement
memory items was inappropriate.

For the first MCAS activation in the adent flight, the Captain responded less than
2 seconds, with aftantrol column but MCAS continued to movkee horizontal
stabilizer AND for atotal of 10 seconds, after which the Captain applied electric
trim. At the second MCAS activation, the Captain responded with electric trim
after8 seconds. At subsequent activations, thpt&a responded after more than 3
seconds. For the previous LN®4light, the Captain responded ir32secods after

the first MCAS activation. It should be noted that thght crew did not react to
MCAS activation but to the increasing force on the control colmrte theflight
crew initially countered the MCAS ammand using control column, the longer
response time for making electatabilizer triminputs was understandable.
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During the accident and previous LNI043 flights, the flight crew initially responded
in the same way, by pulling back on the control colutdowever, they did not
consistently trim out the resulting column forces as had been assumed. As,a result
Boeing assumption was different from tfight crew behavior in responding to
MCAS activation.

2.5.1.2.2 Assumptions on Trimming out Forces Resulting from kght Control Failures

14 FAR 25.255 stipulates that tlarcraft must have satisfactory maneuvering
stability and controllaility with the degree of oubf-trim in both theaircraft nose

up and noselown directions, which results from the greater of3-aecond
movement of the longitudinal trim system at its normal rate for the particular flight
condition with no aerodynamic load, except as limited by stops in the trim system,
or the maximum midrim that can be sustained by the autopilot while maintginin
level flight in the high speed cruising condition.

At its normal rate,after 3 seconds, the MCAS would move the skabr 0.81
degrees in thaircraft nose down direction. In response, thight crew would be
expected @ maintain control of the aircriatising the controls available to them.
Using the control columalone, theflight crew can maintain control using only aft
column force. If theflight crew uses manual electric trim, it will allow tHéght
crewto control the aircraft by moving the siiger, but it will also reset the MCAS
function which can be activated agairbiseconds.

In the event ofrepetitive MCAS activation with repeated electric trim inputs by
flight crew, but without sufficientflight crew response to return the aircradt a
trimmed state, the control column force to maintain level flight could eventually
increase to a level where control forces alone may not be adequate to control the
aircraft

During the accident flight, the DFDR recorded a control force of 103 dlfier,
repetitive MCAS activation was responded with tHeO had responded with
inadequate trim to counter MCAS. At this point, the flight crew was unable to
maintain altitude.

2.5.1.2.3 Assumptions on Timing of Crew Recognition of and Reaction to Flight Control
Failures

14 FAR 25.1329¢) states thatnder any condition of flight appropriate to its use,

the flight guidance syem may not produce hazardous loads ondineraft nor

create hazardous deviations in the flight path. This applies to both-fimdt
operation ad in the event of a malfunction, and it assumes thafflidjet crew

begins corrective action within a reasonable period of time. The safety assessment
described in Chapter 8 of AC 25.1329 establishes the failure condition for which
appropriate testing shl@ be undertaken. Asssment of failure conditions shall
considerflight crew recognition of the effects of the failure conditidiight crew
reaction timethat is the time betweerflight crew recognition ofthe failure
condition and initiation bthe recovery, andlight crewrecovery.

The flight crew may detect a failure condition througdrcraft motion cues
or by cockpit flight instruments and alerts. The recognition time should not
normally be less than 1 second. Tfight crew reaction time is caidered
dependent upon thiéight crew attentiveness, based upon the phase of flight and
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associated duties. During climb, cruise, descent, and holding, recovery action
should not be initiated

until at least3 seconds after the recognition point. The recp\action should be
commenced after the reaction time. Following such delayfite crew should be

able to return thaircraft to its normal flight attitude under full manual control
without engaging in any dangerous maneuvers during recovery anditgtharol
forces exceeding 75 Ibfor short term application with both hands on the control
column or 10 Ibsfor long term application as requiredlid FAR 25.143(d).

During the accident, multiple alerts and indications occurred which increased flight
crewbs workload. This obscured the prot
a solution during the initial or subsequent automatic AND stabilizer trim input, such

as performing the runaway stabilizer procedure or continuing to use electric trim to
reduce column forces and maintain level flight.

Without prior knowledge of MCAS functions, the flight crew would depend on the
visual and motion cues, prior training for runaway stabilizer, and general training on
pitch control to be able to analyze théuation and recognize the noormal
condition. Review of the DFDR data showed that during both the accident and the
previous LNI043 flights, the flight crew responded withi3 8econds using control
column to control the flight path and subsequentlyrmad out column forces using
electric trim. In the previous LNI043 flight, the flight crew required 3 minutes and
40 seconds rather than seconds to recognize and understand the problem, during
which repetitive uncommanded MCAS activations occurred. Dulliegaiccident
flight, recognition of the uncommanded stabilizer movement as a runaway stabilizer
condition did not occur thereby, the execution of the-mormal procedure did not
occur.

2.5.1.2.4 Assessment of Flight Crew Workload in the Event of Erroneous MCAS
Activation

During the Functional Hazard Analysis (FHA), unintended M&@&8&manded
stabilizer movementwvas cosidered a failure condition with Major effiein the
normal flight envelopeBoeing reasoned that such a failure could be countered by
using elevator lane. In addition, stabilizer trim is available to offload column
forces, and stabilizer cutouts is also available but not required to counter failure. As
stated earlier, the events that led to the accident flight showed that in the event of
repetitiveMCAS activationwithout sufficient trim commands to return to trimmed
flight, the cumulative migrim could nd be countered by using elevator alone.

When the MCAS activates, it automatically commands an aircraft-chmsa
(AND) input to the horizontal staider. If uncommanded MCAS is activated and
the aircraft pitches down, causing the aircraft to descend, the flight crew can pull
bad on the control column to raise the nose. If the flight crew uses manual electric
trim, the MCAS resets. That means 5 s&srthe system can make another AND
command requiring the flight crew to respond again.

In the event of an MCAS activation with manual electric trim inputs by the flight
crew, the MCAS function will reset which can lead to subsequent MCAS
activations. Wih an MCAS command due to an erroneous high AOA signal, and
flight crewinputs that do not fully return the aircraft to a trimmed stateseguent
MCAS commands can result in the aircraft becoming significantly-masned.

193



To recover, the flight crew cdai 1) stop making manual electric trim inputs (which
would stop resetting MCAS), or 2) make sufficient (long duration) manual electric
trim inputs to return the aircraft to a trimmed state, or 3) use the stabilizer trim
cutout procedure to stop all elactitrim commands and control trim using the
manual trim wheels. If one of these thfeght crew trim responses is not used, a
sulsequent combination of MCAS commands and sHoration (insufficient)
flight crewelectric trim inputs may result in a riismmed condition that cannot be
controlled.

A combination of repetitive MCASommanded coupled with flight crew electric
trim input led to a flight condition that considerably increased the flight crew
workload of maintaining control. The previous LNIO4iglit showed that repetitive
MCAS-commanded stabilizer movement was able to be countered by the flight
crew by repeatedlyitnming out erroneous aircraft nose down trim (option 2 noted
above) and was only able to be stopped by Stabilizer Trim Cutout swifoption

3 noted above), enabling the flight crew to safely continue flight and land in Jakarta.
Boeing reasoning that the stabilizer cutout is available but not regsiirecorrect.

During the FHA, Boeing did not adequately assess the effect oitiep@&CAS
activation. The repetitive MCASommands coupled with insufficieflight crew
electric trim inputs, may have led to increasing flight crew workload.

2.5.1.2.5Single and Multiple Failure Analysis

14 FAR 25.671 (c) states th&probable malfunctions mukiaveonly minor effects
on contol system operation and must be capable of being readily counteracted by
the pilotd. This includes any single fa

Boeing performed a single and multiple failure analysis to helmglatali system
functional hazard asssments (FHAS), design assurance level (DAL) assertions,
and extended opations (ETOPs). The analysis considered thme aid at a sy st
worstcase scenar i ceftORghtRErr drae aws alnd ALOS S
folowedby Err oneous AOA®RThe dradatdhsystemmsaworstfcase | u r
scenario would be that the three altitsede and ai r speed displ ay
values from each other. This unreliable airspeed/altitude failure effect was deemed
potentially catatrophic prior toflight crew recognition of the issue. Boeing
considered that the loss of one AOA and erroneous AOA as two independent events
with distinct probabilitiesThe combineddilure event probability wasssesseds

beyond extremely improbabléence complying with the safety requiremefas

the Air Data SystemHowever, the design of MCAS relyirgn input from a single

AOA sensor,made this Flight Control Systesusceptible to a single failure of

AOA malfunction.

During the accident flight, thecenario was initiated by a single failure, a high bias

in AOA sensor. This high bias resulted in several aircraft leffeicts including

stick shaker, erroneous airspeed and altitude displays and MCAS after the flaps
were retracted.

Over the last 17 yas in the Boeing 737 fleet alone, there were 25 events of stick
shaker activation during or shortly after takeoff. Because of these events, Boeing
should have foreseen and assessed AOA sensor failures. TheoR@a@lling the
MCAS is dependent on a singéA source, the MCAS contribution to cumulative
AOA effects should have been assessed.
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During the single and multiple failure analysis from the air data system worst case
scenario of f#fAfailure of one AOA follow
that he effect would be hazardous unhik flight crew recognized the problem and
took appropriate action to mitigate it. Boeing recognized that training would
improve flight crew recognition and response. The Airspeed Unreliable NNC and
the Runaway StabilizeNNC provide guidance and training for recognition and
response. However, the accident flight crew was unable to complete the Airspeed
Unreliable NNC before the ad®nt occurred nor were they able to recognize the
need for the runaway stabilizer NNC. Snihe training or the guidance for acson
taken in such situation were not provided, the effect category should have remained
hazardous.

2.5.1.3 Decision to Rely on Single Sensor

The Boeing 738 (MAX) is equipped with two Flight Control Computers (FCCs)
and twoAngle of Attack (AOA) sensors. The Speed Trim System (STS), including
the MCAS function, is a flight contréaw contained within each of the two FCCs.
STS is only active in the master FCQO filnat flight. At aircraft poweup, the
master FCC defaults the left side FCC; andill then alternate between the left
and right FCC by flight. The master FCC is raftected by the position of the
Flight Director switches. TheCCs receive inputs fro several systems including
the air data inertial reference syst¢dADIRS). The AOA inputs are provided to
each FCC by associated air data inertial reference unit (ADIRU). Each ADIRU
receives AOA information from one of the two resolvers contained within the
associated AOA sensor (i.e. the Left ADIRU uses left AOA vane the Right
ADIRU uses the right AOA vane).

The MCAS software usesput from a single AOA sensor onlZertainfailure or
anomalies of the AOAensor corresponding to the master FCC controlling STS can
generate an unintended activation of MCAS. Antitadaflight crew response
includingaircraftnose up (ANU) electric trim commands (which reset MCAS) may
cause the flight crew difficultly in controlling thercraft

Erroneous AOA signals are not frequent events. Boeing reported that 25 activations
of stick shaker mostly due to AOA failures occurred in 737 aircraft for the past 17
years during more than 240 million flight hourBhe MCAS architecture with
redundant AOA inputs for MCAS could have been considered but was not required
based on the FHA claswiétion of Major.

The accident flight was the first flight of the day therefore after powering up the
aircraft, the left FCC acted as the operating STS channel and received input from
left AOA sensor. The DFDR showed that on the accident flight, the I8 A
sensor had a high bias 21° when compared to the right AOA sensor.

The FCC received the biased AOA data and, after the flaps were retracted,
commanded MCAS. As stated earlier, a combination of repetitive MCAS
commands coupled with insufficieflight crew electric trim inputs and not using

the STAB TRIM CUTOUT switches can lead to significant mirg®s and loss of
control.
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As discussed earlier, the condition remained hazardous since the training or the
guidance for action taken in such situation weré adequately provided. To
comply with the safety requirement of
is supposed to rely on sensors that have less thania-@0anillion (1E-7) chance

of failing. Generally, that means taking measurements from $ensors. A
hazardous failure condition depending on a single sensor should have been avoided
in the certification process.

During the certification process, unintended MCAS activation was considered to
have a major effect in the normal flight envelopa drazardous effect in the
operational flight envelope. This means that a failure condition with a probability of
occurrence less than or equal enea hundred thousand (1% chance would
suffice in normal flight envelope. At the time of the accident hiyy@50 737 MAX
aircraft were in service with assumed average utilization of 2,000 flight hours, with
the total accumulated fleet at 500,000 flight hours. With two AOA sensors installed
on each aircraft, this means a failure occurred on the 737 MAX evedp,000
flight hours (1E6), more than the requirement probability of ZEThe same AOA
sensor is used on othaircraft and the AOA failure rate is even lower.

If the probability of an undesirable failure condition is not below the maximum
allowable prdvability for that category of hazard, redesign of the system should be
considered. If theuncommanded MCAS failure condition had been assessed as
more severe than Major, the decision to rely on single AOA sensor should have
been avoided

2.5.1.4 MCAS Function

The MCAS specifications called for the system to limit its ability to move the
horizontal stabilizer at the flaps up high rate trim up to a maximum 6f Zte
DFDR recorded the changes of horizontal stabilizer as changes in pitch trim unit. In
the accidenflight, MCAS repeatedly moved the horital stabilizer based on a
combination of the erroneous AOA inputs dtlight crew manual electric inputs.

The Gaptainmanaged to control the aircraft with the pitch trim. The DFDR data
showed that control was maimtad by keeping pitch trim above 5 units to counter
therepetitiveMCAS activations. After transfer of control to the FO, the FO did not
apply sufficient manual electric trim to countegpetitive MCAS activations
resulting in compounding misim which required significant control column force.

The DFDR data indicated the aircraft descended and could not be controlled.
Column forces exceeded 1Ufs. which is more than the 76s. limit set by the
regulation (14AR 25.143).

The early design of MCAS allosd a maximum stabilizer movement 069 but it

was later revised and extended to°2Boeing reasoned that unintended MCAS
activation due to erroneous AOA input was able to be managed by using elevator
alone, electric stabilizer trim or by stabilizemircutout switchesDuring manual

flight, stabilizer manual electric trim is normally used to offload control column
forces during migrim conditions. Without the awareness of the MCAS function,
the flight crew would possibly recognize an MCAS activatem Speed Trim
System (§S) input. MCAS behaves differently than the STS, it moves the
horizontal stabilizer at a faster rate.
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Following an erroneous MCAS activation, insufficient manual electric trim inputs
result in the stabilizer not fully returning tts original trimmed position and
gradually moving the stabilizer to greater #is.

Any out of trim condition which is not properly corrected would lead the flight crew
into a situation that makes it more difficult for them to maintain desired attitude
the aircraft. The fljht crews in both the accident flight and the previous flight had
difficulty maintaining flight path duringepetitiveMCAS activations.

Per Boeing, stabilizer trim cutouts switches were available but not required to
counte MCAS activations. The only procedure that directs selecting the stabilizer
cutout switches is the Runaway Stabilizer smammal checklist (NNC). This NNS

Is used to stop unommanded stabilizer trim wheel movement, which would stop
MCAS-commanded stabilizer trimnovement.

However,erroneous MCAS activation does not look like a typical stabilizer
runaway which is continuous unommanded (runaway) movement of the
stabilizer. During the accident flight, the stabilizer movement was not continuous;
the MCAS command&ere bounded by the MCAS authority (up to°,%he pilots

were able to counter the nedewn movement using opposing manual electric trim
inputs; and after the pilots released the manual electric input and MCAS was reset,
there was not alker MCAS commad for 5 seconds.

To incorporate MCAS, the basic column cutout function had to be inhibited during
the MCAS activation. Pulling back on the column normally interruptsed@gtric
stabilizeraircraft nosedown commang but for the MAX with MCAS operating,
that control column cutout function is disabled.

Movement of the stabilizer due to uncommanded MCAS activation during normal
flight would be easier to identify if there were no other distractions in the cockpit.
However, during the accident flight erranes inputs, as a result of the misaligned
resolvers, from the AOA resulted in several fault messages (IAS DISAGREE, ALT
DISAGREE on the PFDs, and Feel Differential Pressure light) that affected the
flight crew0d0s under s teagituhiion ghe stickdshalkewar e |
activated continuously after liiff and the noise could have interfered with the

flight crew hearing the sound of the stabilizer trim wheel spinning during MCAS
operations. Therefore, the movement of stabilizer wheel might not have bee
recognized by the flight crew.

The flight crew of LNI043 eventually observed and recognized theonmmanded
stabilizer movement and moved the stabilizer trim cutout switches to the cutout
position. Stopping the stabilizer movement enabled the flighw ¢0 continue the
flight using manual trim wheel to control stabilizer position. On that flight,
stabilizer cutout was used to counter the repetitive MCA®manded stabilizer

The aircraft design should not have allowed this situation. The flight drewlds

have been provided with information and alerts to help them understandstem sy
and know how to resolve potential issuétight crew procedures and training
should be appropriateThe aircraft should have ihmed the intended AOA
DISAGREE alert message functionally, which was installed on 737 NG aircratft.
Boeing and the FAA should ensure that new and changed aircraft design are
properly described, analyzed, and certified.
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2.5.1.5 Revision to MCAS Authority

The originalMCAS design limited its authoritio 0.6 of stabilizer movement, out
of a physical maximum of 2% of nosedown movement. Later in the development
program the limit wasincreased to 2%5after flight tests showed thaidditional
movement of the stabilizer was required dgrielevated AOAconditions at low
speeds.

The behavior of an aircraft in a high anglieattack stalis difficult to model in

advance purely by analysis and during flight tests on a new aircraft, it is not
uncommon to modify the control software to refineh e ai flightr af t 6
characteristics.

Thehigher limit meant that each time MCAS was triggered in a low Mach
environment, it caused a much greater movement of the stabilizer than was
specified in that original safety analysis document. As MCAS pusheddbe
down, theflight crew could respond by operating the electric stabilizer trim switch
long enough to reset the stabilizer movement. However, if the reset was not fully
completed, subsequent activation of MCAS would move the aircraft further nose
down. At a limit of2.5°, two cycles of MCAS without correction would have been
enough to reach the maximum nak®vn condition. At this point, th#ight crew

would experience extreme difficulty to maintain control of the aircraft.

After the change, FHA was reviewed but radit documents including Stabilizer
System Safety Assessment were updated. Boeing briefed the FAA flight test prior
to the certification flight testing that the MCAS envelope (low speed MCAS with
the greater 2 5authority) was expanding and it also updateel MCAS description

in the EDFCS System Description document and provided it to the FAA.

Without documenting the updated analysishia $tabilizer SSA document, the FAA
flight control systems specialistmay not have been aware thie design change.
Boeing did not submit the required documentation and the FAA did not sufficiently
oversee Being ODA.

2.5.1.6 Decision to notinclude Descriptionin FCOM or Differences Training

Boeing and the FAA engaged in extensive discussion about the appropriate content
of Boeing 7378 (MAX) training and manuals for a period of several years prior to
Boeing 7378 (MAX) certification. During discussions and communications with
the FAA beginning in Mrch 2016, Boeing proposed removing MCAS from the
FCOM and differences tableIhe supporting rationale was discussed between
Boeing and FAA and accepted by FAA, but not formally documented in meeting
minutes. Specifically,14F AR 25. 1585 (nferjnatientoaproeesures h a t
not directly relded to airworthiness or not undene control of the crew must not

be included, nor must any procedure that is accepted as basic airmanship.

Boeing considered that MCAS function is automatic, without any control input
from the flight crewand that it would operate in the background. Bgeatso
considered that the procedure required to resgonany MCAS function was no
different than the existing procedures and thetvs were not expected to encounter
MCAS in normal operationThe discussios did not consider the failure sceiari
seen a the accident flight.
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2.5.1.7

The KNKT believes that the effect of erroneous MCAS function was startling to the
flight crews.On 5 July 2017, the FAA issued the final FSB Report, which did not
include MCAS in the differencegable. Througbut this period, Boeing
communicated about these issues with personnel in the FAA Airplane Evaluation
Group, which chaired the FSB.

The lack of MCAS information in the FCOM affiight crew training resulted in it
being more difficult for the flight crew to diagnose the probland find the
corrective procedure to solve it. Without prior awareness of the MCAS function, it
would be more difficult for the flight crew to understand the problem. It would take
them longer time to understand the situation and comdeocorrect solutin,
putting them at a higher risk than necessary. The flight crew of the previous LNI043
flight took around3 minutes and!O seconds aftet2 MCAS activations to come up

to the solution of the problem by performing stabilizer trim-aut, while in the
acddent flight the flight crew did not manage to find the solutidinerefore,
KNKT believes that flight crew should have been made aware of MCAS which
would have provided them with awareness of the system and increase their chances
of being able to mitigatéhe consequences épetitiveactivations in the accident
scenario.

Even thoughthe flight crew can provide a nos@ input on the control column
and/or manual electric trim every time the MCAS activates, the MCAS software
continues to work against themaking it more difficult to fully control the aircraft

if column forces resulting from MCAS inputs are not completely negated by the
flight crew. This condition meant that the flight crew were running out of time t
find solution before the repetitive ®AS activationswithout fully retrimming the
aircraft placel the aircraft the flight into in an extreme ned@wn attitude that the
flight crew was unable to recover from.

The unintended MCASommanded stabilizer movement due to erroneous AOA
input was cosidered a failure condition with Major effect in normal flight
envelope.

Flight crew training would have supported the recognition of abnormal situations
and appropriate flight crew action. Boeing did not provide additional training
requirenents for theBoeing 7378 (MAX) since the condition was considered
similar to previous 737 model

As stated earlier, Boeing assumed that it was appropriate to rely on trained crew
procedures, especially if these proceduaee considered memory items. However,
sincethe procedures are not included in the transition training, and any means for
identifying flight situations arising from the difference in design is not adequately
provided, this assumption is invalid.

Summary

The MCAS function was not a fasiafe designrad did not include redundancy. A
single failure to the AOA sensor corresponding with the FCC commanding STS
resulted in erroneous activation of MCA®uring the accidentflight crew
reactions were different from ardid not match the guidance for assurops of

flight crew behavior that were used when classifying the hazard severity of this
failure mode in the functional hazard assessment.

199



2.5.2

Classification of unintended MCA&mmand adMajor in the FHA resulted in a
system design that was inadequate fas thilure.

Not including information about the MCAS from the FCOM aflidht crew
training made it more difficult for the flight crew to diagnose problems and find the
corrective actions to overcome the situation.

The absencef@n AOA Disagree message deit mae difficult for the flight crew
to diagnose the failure drfor maintenance to diagnose and correct the failure.

Regulations

The 14FAR 25 has outlined the regulations related to the safety and airworthiness
of large transport categomircraft Revisions have éen made to make sure the
sufficiency of regulations to ensure safety. For the safety assessmaintraft
systems, th&4 FAR 25.1309 set the requirements for the desiggh installation of
systems which include analysis of effects anobpbilities of single, multiple and
combined failures of systems. It assumed that flight crew would correctly respond
to flight conditions in case of such failures. Human error is not included in the
probability analysis, even though the flight crew idenfused as means to
mitigate a failure condition.

The accident flights, system malfunction led to erroneous information that initiated

a series of events that were not correctly recognized and responded by the flight
crew. Therefore, KNKT recommend3AA to work with international regulatory
authorities to review assumptions flight crew behavior used during design and
revise certification processes to ensure assumptions used during the design process
are validated.

When performing safety assessmermscomply with 14 FAR 25.1309, Boeing
followed the procedures set in FAA AC 25.13D8 and the SAE ARP 4761 as the
acceptable means of compliance. When doing the analysis, Boeing assumed that the
flight crew are completely reliable and would respond cdgreatd appropriately to

the situations in time. During the accident and previous LNI043 fligluisie of

these assumptionsereincorrect, since the flight crew responded differently from
what was expected.

14 FAR 25.671 (c) requires that probable malfiimres of the flight control system
mustbe capable of being readily counteracted by the flight crew. This necessitates
that normal flight crew should be able to readily identify problems and respond
quickly to mitigate hem However, during the accidenight multiple alerts and
indications concealed the actual problem and made it difficult for the flight crew to
understand and mitigate it.

14 FAR 25.672 further requires that the design of the stability augmentation system
or of any other automatic or pewoperated system such as MCAS must permit
initial counteraction of failures without requiring exceptiofigght crew skill or
strength. This means that an averdijght crew should be able to override or
mitigate the failure by movement of the flightntrols in the normal sense. The
accident flight and previous flight provided evidence that mitigatingdbetitive
erroneous activations of MCAS required skills that were different than what was
expected. Pilots have been expected to rezegan out oftrim condition and
correct it by retrimming.
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During certification phase, compliance was demonstrated by flight test pilots which
normally have exceptional skill and experience. Flight test pilots generally have
more knowledge about thercraft design clracteristics than normal pilots. This
level of competence usually cannot be translated to most pieisver, test pilots

are trained to replicate the averafjght crew. The Aircraft Evaluation Group
pilots, who have an operational flying backgrouridpavaluate the aircraft during

the certification phase. These pilots establishfligat crew type rating, training,
checking and currency requirements as part of the Flight Standardization Board
(FSB) process. The FSB procdéssBoeing 7378 (MAX) utilized airline line pilots

to help ensure the requirements are operationally representative. The FAA and
OEMs shoull reevaluate their assumptions for what constitutes an avéligge

crewbs basic skildl and what | evmetavardge sy st
fightcrewd has when aturecountering f
FAA Oversight

In 2009, the FAA transitioned to a delegation process for Boeing, over seen by
FAAOGSs Boeing Aviation Safety Oversite
certification functions is donehtoudh a formal procedure, under the system of
Organization Designation Authorization (ODA). Boeing ODA is authorized to
select and appoint individuals to perform some of the delegatedidisicas
representatives of FAA. The delegated functions for a Tagréfication (TC) ODA

are:

1 establishing and determining conformity of parts, assemblies, installations, test
setups, and products (aircraft);

1 finding compliance with airworthiness standards for new design, or major
changes to design;

1 issuing special fiht permits for operation of aircraft;

1 issuing-airworthiness approvals for articles (Export), and aircraft (Standard or
Export)

The BASOO conducts routine audits/supervisions, tagde inspections and pest
project reviews and was involved in safetifical and novel and unusual areas such
as MCAS in the review and acceptance of certification plans.

The MCAS system design was based on an FHA classification of Major for
uncommanded MCAS activation, which was made using fpaBlished guidance
material rgarding assumptions @ifght crewresponse. Those assumptions were:

1 Uncommanded system inputs are readily recognizable and can be counteracted
by overriding the failure by movement of the flight controls in the normal
sense by the flight crew and do meguire specific procedures.

1 Action to counter the failure shall not require exceptional piloting skill or
strength.

1 The flight crew will take immediate action to reduce or eliminate increased
control forces by rérimming or changing configuration or flig conditions.

1 Trained flight crew memory procedures shall be followed to address and
eliminate or mitigate the failure.

At this time these assumptions are industry standards used by both the FAA and
Boeing. The assumptions are what are used in the atasisih of the hazard.
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2.6

In the accident flight, the system malfunction led to a series of aircraft and flight
crew interactions which the flight crew did not understand or know how to resolve.
It is the flight crew response assumptions in the initial desjgrocess which,
coupled with the repetitive MCAS activations, turned out to be riecb and
inconsistent with the FHA classification of Major.

Xtra Aerospace LLC

The Xtra Aerospace utilized the Angle Position IndicdiPl) Peak Model SRI
201B (Model772400-2) for test and calibration repair of the accident AOA sensor,
part number 0861FL1 serial number 14488. Utilization of the Peak API deviates
from the egipment described in CMM Revision 8, and thus required an
equivalency assessment by the Xtra dspace engineering departmeand
subsequent acceptancelbgal FAA Flight Standards District Office (FSDO).

Representatives of NTSB, FAA, Boeing and Collins Aerospauewed the test
equipment quivalency report and observed that according to the treperPeak
SRI201B was capable of performing all testquieed by the OEM, of checking all
required parameters and met the level of accuracy spedifiethe CMM. A
subsequent comparison of thecaracy specifications found that the Peak-3&1B
API acwracy (+f .03°) was not equivalent to the CMM recommended North
Atlantic 8810 (+f .004°). Although Note the CMM revision 8 most restrictive
requirenent is +f 0.03for the resolver van@° position. Nor did the investigation
find a written instructiorio operate the Peak Electronics SRILB API.

Despite the lack of API specific written instructions fbe talternate equipment,
Xtra Aerospace nevertheless obtained acceptance of their APl equipment
equivalency report from the FAA FSDO.

The participats involved in the visit concluded that performing the required testing
and calibration defined in CMM Revision 8 using the Peak API could potentially
introduce a bias into both resolvers if the REL/ABS (Relative/Absolute) switch on
the Peak Electronic&Pl was inadvertently positioned to REL. Repeated tests
conducted at Collins Aerospace in February 2019 and at Boeing in June 2019
supported the same conclusion.

Xtra Aerospacerecords reflect that repair activities of AOA sensor S/N 14488
included replaement of the AOA vanslingershaft assembly (VSS). During VSS
removal and replacement, it is highly unlikely that the resolvers retained their
original position. During resolver calibration, utilization of the Peak API and
selection of the REL/ABS switchn the REL position selection may have led to
improper calibration because there was no writterrungon for correct utilization

of the Peak API in accordance with the CMM requirements. With the REL/ABS
switch in the REL position for CMM retusto-senice testing, the improper
calibration would not be detected.
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After Xtra Aerospace repair of the accident AOA sensor in November of 2017, the
sensor was installed on the RIQP aircraft on left side position during the
maintenance activity in Denpasan @8 October 2018. On the subsequent flight, a
21° difference between left and right AOA sensors was recorded on the DFDR
commencing shortly after the takeoff roll was initiated (note it takes sorfew

over the vane for the vanes to align with thdl@wv). This immediate 21 delta
indicated that the AOA sensor was most likely improperly calibrated at Xtra
Aerospace

As noted, utilization of the Peak Model SRI1B API by XtraAerospacdor the
test and calibration of the 0861FL1 AOA sensor showdehrequired a written
procedure to specify the proper position of the REL/ABS switch

The | ack of an APl written procedure w
indicates inadequacy of FAA oveght.
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CONCLUSIONS

Findings

Findings are statement$ all significant conditions, events or circumstances in the
accident sequence. The findings are significant steps in the accident sequence, but
they are not always causal, or indicate deficiencies. Some findings point out the
conditions that prexisted he accident sequence, but they are usually essential to
the understanding of the occurrence, usually in chronological order.

The KNKT identified findings as follows:

1. MCAS is designed to function only during manual flight (autopilot not
engaged), with theiar cr af t 0s flaps up, that an
development of the 738 (MAX) progressed, the MCAS function was
expanded to low Mach numbers and increasedawimum MCAS command
limit of 2.5 of stabilizer movement

2. During the Functional Hazard Analgsi(FHA), unintended MCAS
commanded stabilizer movement was considered a failure condition with
Major effect in the normal flight envelop&he assessment of Major did not
require Boeing to more rigorously analyze the failure condition in the safety
analyss using Failure Modes and Effects Analysis (FMEA) and Fault Tree
Analysis (FTA), as these are only required for Hazardous or Catastrophic
failure conditions.

3. Uncommanded MCAS function was considered Major during the FHA.
Boeing reasoned that such a failweuld be countered by using elevator
alone. In addition, stabilizer trim is available to offload column forces, and
stabilizer cutout is also available but not required to counter failure.

4. FMEA would have been able to identify singleint and latent failreswhich
have significant effects as in the case of MCAS design. It also provides
significant insight into means for detecting identified failures, flight crew
impact on resolution of failure effect, maintenance impact on isolation of
failure and correspnding restitution of system.

5. Boeing conducted the FHA assessment based on the FAA guidance and was
also based on an assumption that the flight crew was highly reliable to
respond correctly and in time within 3 seconds. The assessment was that each
MCAS input could be controlled with control column alone and subsequently
re-trimmed to zero column force while maintaining flight path.

6. The flight crew did not react to MCAS activation but to the increasing force
on the control column. Since thikgght crew initially countered the MCAS
command using control column, the longer response time for making electric
stabilizer trim inputs was understandable.

7. During the accident and previous LNIO43 flights, the flight crew initially
responded by pulling back on the tah column, however, they did not
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10.

11.

12.

13.

consistently trim out the resulting column forces as had been assumed. As a
result the Boeing assumption was different from ftigdt crew behavior in
responding to MCAS activation.

During FHA, the simulator test hadvex considered a scenario in which the
MCAS activation allowed the stabilizer movement to reach the maximum
MCAS limit of 2.5 degrees. Repetitive MCA&tivationswithout adequate

trim reaction by thdlight crewwould make the stabilizer move to maximum
deflection and escalate the flight crew workload and hence failure effects
should have been reconsidered. Therefore, their combined flight deck effects
were not evaluated.

In the event of multiple MCAS activations with repeated electric trim inputs
by flight crew without sufficient response to return the aircraft to a trimmed
state, the control column force to maintain level flight could eventually
increase to a level where control forces alone may not be adequate to control
the aircraft. The cumulative mtem could not be countered by using
elevator alone which is contrary to the Boeing assumption during FHA.

Any out of trim condition which is not properly corrected would lead the
flight crew into a situation that makes it more difficult for them to mamnta
desired attitude of the aircraft. The flight crews in both the accident flight and
the previous flight had difficulty maintaining flight path during multiple
MCAS activations.

The procedure of runaway stabilizer was not reintroduced during transition
training and there was no immediate indication available to the flight crew to
be able to directly correlate the uncommanded nose down stabilizer to the
procedure. Therefore, the assumption of relying on trained crew procedures to
implement memory items wasappropriate

During the accident flight, multiple alerts and indications occurred which

increased flight crewbds workl oad. Th

crew could not arrive at a solution during the initial or subsequent automatic
aircraft nosedown stabilizer trim inputs, such as performing the runaway
stabilizer procedure or continuing to use electric trim to reduce column forces
and maintain level flight.

In the event of MCAS activation with manual electric trim inputs by the flight
crew, tre MCAS function will reset which can lead to subsequent MCAS
activations. To recover, the flight crew has 3 options to respond, if one of
these 3 responses is not used, it may result in atrmasied condition that
cannot be controlled.
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15.
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19.

20.

21.

The flight crev of LNIO43 eventually observed and recognized the un
commanded stabilizer movement and moved the stabilizer trim cutout
switches to the cutout position. Stopping the stabilizer movement enabled the
flight crew to continue the flight using manual trim whiecontrol stabilizer
position. On that flight, stabilizer cutout was used to counter the repetitive
MCAS-commanded stabilizer. Boeing reasoning that the stabilizer cutout is
available but not required is incorrect.

Boeing considered that the loss of oA®A and erroneous AOA as two
independent events with distinct probabilities. The combined failure event
probability was assessed as beyond extremely improbable, hence complying
with the safety requirements for the Air Data System. However, the design of
MCAS relying on input from a single AOA sensor, made this Flight Control
System susceptible to a single failure of AOA malfunction.

During the single and multiple failure analysis from the air data system worst
case scenario of nf aiyl uerrer onfe oarrse AORA
concluded that the effect would be hazardous until the flight crew recognized

the problem and took appropriate action to mitigate it. Since the training or

the guidance for actions taken in such situation were not provided féoe ef
category should have remained hazardous.

Since the FCC controlling the MCAS is dependent on a single AOA source,
the MCAS contribution to cumulative AOA effects should have been
assessed.

The MCAS software uses input from a single AOA sensor o@brtain
failures or anomalies of the AOA sensor corresponding to the master FCC
controlling STS can generate an unintended activation of MCAS. Anticipated
flight crew response including aircraft nose up (ANU) electric trim
commands (which reset MCAS) maypuse the flight crew difficultly in
controlling the aircraft.

The MCAS architecture with redundant AOA inputs for MCAS could have
been considered but was not required based on the FHA classification of
Major.

If the probability of an undesirable failure radition is not below the
maximum allowable probability for that category of hazard, redesign of the
system should be considered. If the uncommanded MCAS failure condition
had been assessed as more severe than Major, the decision to rely on single
AOA senso should have been avoided.

The DFDR data indicated that during the last phase of the flight, the aircraft
descended and could not be controlled. Column forces exceeded 100 pounds,
which is more than the 7Bound limit set by the regulation (14 CFR 25.143)
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23.
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25.
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27.
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29.

30.

Pulling back on the column normally interrupts any electric stabilizer aircraft
nosedown command, but for the 787 (MAX) with MCAS operating, that
control column cutout function is disabled.

During the accident flight erroneous inputs, as a resulthef misaligned
resolvers, from the AOA sensor resulted in several fault messages (IAS
DISAGREE, ALT DISAGREE on the PFDs, and Feel Differential Pressure
' i ght) and activation of MCAS t hat
and awareness of the sitiga.

The stick shaker activated continuously afterdift and the noise could have
interfered with the flight crew hearing the sound of the stabilizer trim wheel
spinning during MCAS operations. Therefore, the movement of stabilizer
wheel might not haabeen recognized by the flight crew.

The aircraft design should provide the flight crew with information and alerts

to help them understand the system and know how to resolve potential issues.

Boeing did not submit the required documentation and the BEAANot
sufficiently oversee Boeing ODA. Without documenting the updated analysis
in the stabilizer SSA document, the FAA flight control systems specialists
may not have been aware of the design change.

Boeing considered that MCAS function is automatie procedure required

to respond to any MCAS function was no different than the existing
procedures and that crews were not expected to encounter MCAS in normal
operation therefor Boeing did not consider the failure scenario seen on the
accident flight. he investigation believes that the effect of erroneous MCAS
function was startling to the flight crews.

The investigation believes that flight crew should have been made aware of
MCAS which would have provided them with awareness of the system and
increasetheir chances of being able to mitigate the consequences of multiple
activations in the accident scenario.

Without understanding of MCAS and reactivation after release the electric
trim, the flight crew was running out of time to find a solution beftwe t
repetitive MCAS activations without fully retrimming the aircraft placed the
aircraft into in an extreme nos®wn attitude that the flight crew was unable
to recover from.

Flight crew training would have supported the recognition of abnormal
situatiors and appropriate flight crew action. Boeing did not provide
information and additional training requirements for the-83RMAX) since

the condition was considered similar to previous 737 models.
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38.

The aircraft should have included the intended AOA DISAGRalert
message functionally, which was installed on 737 NG aircraft. Boeing and the
FAA should ensure that new and changed aircraft design are properly
described, analyzed, and certified.

The absence of an AOA Disagree message made it more difficulhdor
flight crew to diagnose the failure and for maintenance to diagnose and
correct the failure.

For the safety assessment of aircraft systems, the 14 FAR 25.1309 set the
requirementgor the design and installation of systems which include analysis
of effects and probabilities of single, multiple and combined failures of
systems. It assumed that flight crew would correctly respond to flight
conditions in case of such failures. Human error is not included in the
probability analysis, even though the fligltew is often used as a means to
mitigate a failure condition.

When performing safety assessments to comply with 14 FAR 25.1309,
Boeing followed the procedures set in FAA AC 25.1:3@9 and the SAE
ARP 4761 as the acceptable means of compliance. Wheg tt@ranalysis,
Boeing assumed that the flight crew are completely reliable and would
respond correctly and appropriately to the situations in time. During the
accident and previous LNIO43 flights, some of these assumptions were
incorrect, since the fligharew responded differently from what was expected.

14 FAR 25.671 (c) requires that probable malfunctions of the flight control
system must be capable of being readily counteracted by the flight crew. This
necessitates that normal flight crew should bée ao readily identify
problems and respond quickly to mitigate them. However, during the accident
flight multiple alerts and indications concealed the actual problem and made
it difficult for the flight crew to understand and mitigate it.

The Flight Stadardization Board (FSB) process for the Boeing-83KAX)

utilized airline line pilots to help ensure the requirements are operationally
representative. The FAA and OEMs shouleevaluate their assumptions for

what constitutes an averafjight crewd s sidsskill and what level of systems
knowl edge a o6properly trained averag

In the accident flight, the system malfunction led to a series of aircraft and
flight crew interactions which the flight crew did not undemstar know how

to resolve. It is thdlight crew response assumptions in the initial design
process which, coupled with the repetitive MCAS activations, turned out to
be incorrect and inconsistent with the FHA classification of Major.

The first problem reprted on PKLQP aircraft of SPD and ALT flags
appeared on Captainds PFD occurred c
from Tianjin to Manado and reappeared 3 times within 5 flight sectors.
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46.

The SPD and ALT flag did not occur on the flight from Denpas&otabok

and return. This was consistent with the result of AOA sensor examination
which indicated that the resolver 2 became unreliable during cold
temperature.

The engineer in Manado suggested to the flight crew to continue the flight as
problem rectificion would be better to be performed in Denpasar and
considering that the SPD and ALT flags had no longer appeared on the
Captainbs PFD. This indicated that
possible recurring problem.

On the flight from Manado to Dengar on 28 October 2018, the DFDR
recorded the A/T disengaged on takeoff roll and the SPD and ALT flags on
the captaid PFD most likely had appeared after the engine start. The
altimeter and speed indicator are airworthiness related instruments and must
be serviceable for dispatch. The decision to continue the flight was contrary
to the company procedure.

The engineer in Denpasar considered that the problem had appeared
repeatedly and decided to replace the left AOA sensor. Replacement of AOA
sensor provedo be the solution to rectify the SPD and ALT flags that were
reported to have appeared on the Cap
sensor was misaligned by about 21° and resulted in different problems.

The Boeing test result indicated that a misamyAOA sensor would not pass

the installation test as the AOA values shown on the SMYD computer were
out of tol erance and AAOA SENSR | NV
SMYD BITE module. This test and subsequent testing verified that the
alternate method ohe installation test could identify a 20 or 21° bias in the

AOA sensor.

Comparing the results of the installation test in Denpasar and Boeing, the
investigation could not determine that the AOA sensor installation test
conducted in Denpasar with any cantgi

The BAT LMPM required the engineer to record the test values to ensure that
the test results were within tolerance. The engineer did not record the value of
the AOA angle deflection during the AOA sensor installation test. Therefore,
neither BAT nor lion Air identified that the documentation had not been
filled out.

After LNIO43 was airborne, the left control column stick shaker was active
and several messages appeared. The Captain of LNI0O43 was aware to the
aircraft condition after discussion with ethengineer in Denpasar. This
awareness helped the Captain to make proper problem identification.
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55.

The Captain action of transferring the control prior to crosscheck of the
instruments may have indicated that the Captain generally was aware of the
repetitve previous problem of SPD and ALT flags and the replacement of the
left AOA sensor on this aircraft.

The LNIO43 flight crew performed NNC of Runaway Stabilizer Trim by
selecting the STAB TRIM switches to eotit, which resulted in termination

of AND activations by MCAS, and the aircraft became under control with
consequences of inability to engage the autopilot, and requirement for manual
operation of stabilizer trim by hand.

The Captainbés decision to continue t
thata r equi r e raetimenearessuitableaainrfdpor t 6 i R t he
NormalChecklists was absent.

The Captain of LNI043 felt confident to continue the flight to the destination
because the aircraft was controllable and the expected weather aloogtéhe
and at the destination was good.

The LNIO43 flight crew decision to continue with stick shaker active is not
common in comparison to previous events of erroneous stick shaker. When
combined with the runaway stabilizer situation recognized by tlet firew,

the decision to continue was highly unusual.

During the descent to destination they requested uninterrupted descent path
profile. This action suggested that the flight crew were aware of their existing
flight condition (continuous stick shaker,amual flying, manual trimming,

FO PFD was the primary instrument) required a simplified flight path
management until approach and landing.

During flight, the Captain of LNI043 kept the fasten seat belt sign on and
asked the deadheading flight crew to dsfise cockpit tasks. These actions
indicated that the Captain was aware of the need to use all available resources
to alleviate the matter to complete the flight to the destination, despite the
increased workload and stressful situation.

The AFML entry forLNI043, which did not contain additional details about

what was experienced, was not in accordance with company guidance
provided in OMPart A, Section 11.4.9 which lists reportable events to
include fAWarning or al ert ,ooriwarmngsydi ng
stallwarning (sticks haker ), fire/ smoke/ fumes wa

The SS Directorate did not notice the occurrence since the report was filed
outside normal office hours and the report to SS Directorate was not
processed until the office hours on tbéowing day.
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63.

64.

The insufficient SMS training and inability of the employees to identify the
hazard might also be indicated by the incomplete-fhigéit report of the
problems that occurred on LNIO43. The incomplete report became a hazard as
the knownor suspected defects were not reported which might make the
engineer unable to properly maintain the airworthiness of the aircraft.

Content of the report did not trigger the Duty Management Pilot to assess this
as a Serious Incident and enable a safewestigation. The risk of the
problems that occurred on the flight LNIO43 were not assessed to be
considered as a hazard on the subsequent flight.

The LNIO43 flight that experienced multiple malfunctions were considered
caused or could have caused diffieed in controlling the aircraft. According

to the ICAO Annex 13, CASR part 830 and &pdrt A, the flight is classified

as serious incident which required investigation by the KNKT in accordance
with the Aviation Law Number 1 of 2009 and Government Detember

62 of 2013.

The definition of an aircraft repetitive problem was different between Lion
Air CMM and BAT AMOQSM. This difference indicated that the Lion Air
did not monitor the repetitive problem policy of the BAT as a subcontracted
entity.

The reqirement to report all known and suspected defects is very critical for
engineering to be able to maintain the airworthiness of the aircraft.

The fault code was not documented in the AFML. The engineer did not
record the maintenance message that appearéie i©OMF in the AFML.
Being unaware of the maintenance message and the fault code, this would
increase the difficulty for trouble shooting by the engineer.

The Il FIM tasks of AALT DI SAGREEDO
repetition on the leak test in steps (33 44) as they are referring to the same
AMM tasks. This repetition was inefficiency and does not contribute to the
problem solving.

The inhibited AOA DISAGREE message contributed to the inability of the
engineer to rectify the problems that occurred am tNI1043 flight which
were caused by AOA sensor bias.

The lack of an AOA DISAGREE message did not match the Boeing system
description that was the basis for certifying the aircraft design. The software
not having the intended functionality was not detédbdy Boeing nor the
FAA during development and certification of the 7 ™MAX before the
aircraft had entered service.
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. During the LNI610 flight preparation, the CVR did not record flight crew
discussion about previous aircraft problems recorded in thILAF his
might have made the flight crew of LNI610 would not be aware of aircraft
problems that might reappear during flight, including the stick shaker
activation and uncommanded AND trim. This would lead to the inability of
the flight crew to predict ande prepared to mitigate the events that might
occur.

. Just after liftoff, the left stick shaker activated and humerous messages on the
PFD were displayed, repetitive MCAS activation after the flaps were
retracted and the ATCo communication increasedlitlet icrew workload.

. The FO asked the controller of the aircraft altitude and the indicated speed on
the ATC radar display in an attempt to obtain another source of information.

However, the ATC radar receives altitude data transmitted by the aircraft

therefore, no additional data may be acquired. Being unable to determine
reliable altitude and airspeed might increase stress to the flight crew.

. The inability for the FO to perform memory items and locate the checklist in
the QRH in a timely manner indicatéoht the FO was not familiar with the
NNC. This condition was reappearance of misidentifying NNC which showed
on the FOO0s training records.

. Despite the flight crewbds attempt
workload, and distractions from the ATC commuation, the NNC was
unable to be completed in that situation. The unfinished NNC made it
difficult for the flight crew of LNI610 to understand the aircraft problem and
how to mitigate the problem.

. The reappearance of difficulty in aircraft handling idiged during training
in the accident flight indicated that the Lion Air training rehearsal was not
effective.

. The controller provided eight heading instructions after the flight crew
reported that the aircraft was experiencing a flight control problenchwh
was not considered as an emergency condition according to ATS SOP of
AirNav Indonesia branch JATSC. There was also no objection by the flight
crew to the heading instructions and the flight crew did not declare an
emergency. These conditions increagedflight crew workload.

. The absence of a declaration of urgency (PAN PAN) or emergency
(MAYDAY), or asking for special handling, resulted in the ATCo not
prioritizing that flight. With priority, ATC would not require LNI610 to
maneuver repeatedly.
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80.
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The AOA DISAGREE message was inhibited on the accident aircraft
therefore, flight crews would not be aware that this message would not appear
if the AOA DISAGREE conditions were met. This would contribute to flight
crew being denied valid information abouthabmal conditions being faced

and lead to a significant reduction in situational awareness by the flight crew.

No information about MCAS was given in the flight crew manuals and
MCAS was not included in the flight crew training. These made the flight
crewunaware of the MCAS system and its effects. There were no procedures
for mitigation in response to erroneous AOA.

Both flight crew of LNI610 being preoccupied with individual tasks indicated
that the crew coordination was not well performed. The CaptadinF® did

not have a shared mental model of the situation as exhibited by their lack of
clear and effective communication. Most of the components of effective crew
coordination were not achieved, resulting in failure to achieve the common
goal of flying tre aircraft safely.

During the multiple MCAS activations, the Captain managed to control the
aircraft altitude. The Captain did not verbalize to the FO the difficulty in
controlling the aircraft and the need for repeated aircraft nose up trim. The
FO was peoccupied with completing the NNC and not monitoring the flight
progress. Subsequently, the FO did not provide adequate electric trim to
counter multiple MCAS activations.

The requirement to describe specific handling situation to the flight crew
receivirg the control was not required per Lion Air procedure or Indonesia
requi rement . The absence of Captaind
FO6s difficulty to understand the si
inability to mitigate the problem.

The content of the manual of Lion Air and BAT contain several
inconsistencies, incompleteness, and unsynchronized procedures.

The investigation found that the engineers were prone to entering the problem
symptom reported by the flight crew in the IFIM firsstead of reviewing the

OMF maintenance message. Conducting this method might lead the engineers
into the inappropriate rectification task.

The investigation found that all AFML pages received by the investigation
did not contain fault codes. The abserof the fault code reported by the
flight crew may increase the workload of the engineer and prolong the
rectification process.

The investigation considered that the amount of time to cover the hazard
identification topic in the SMS training syllabus svesufficient. This may
reduce the ability of employees to define and report a hazard.
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A subsequent comparison of the accuracy specifications found that the Peak
SRI201B API accuracy met the requirement stated on the CMM revision 8.
The investigation id not find a written instruction to operate the Peak
Electronics SRRO1B API.

Despite the lack of API specific written instructions for the alternate
equipment, Xtra Aerospace nevertheless obtained acceptance of their API
equipment equivalency report frothe FAA FSDO. The lack of an API
written procedure was not detected
inadequacy of FAA oversight.

The XtraAerospacevisit concluded that performing the required testing and
calibration defined in CMM Revision 8 usinget Peak API could potentially
introduce a bias into both resolvers if the REL/ABS (Relative/Absolute)
switch on the Peak Electronics API was inadvertently positioned to REL.

The OMF has the history page which contains record of the aircraft problems
which can be utilized as a source for aircraft problem monitoring. The BAT
has not utilized the OMF information as the source of aircraft problem
monitoring.

On the subsequent flight, a 2difference between left and right AOA sensors
was recorded on the DR, commencing shortly after the takeoff roll was
initiated. This immediate 21delta indicated that the AOA sensor was most
likely improperly calibrated at XtrAerospace

As noted, utilization of the Peak Model SR)1B API by XtraAerospacdor
the tes and calibration of the 0861FL1 AOA sensor should have required a
written procedure to specify the proper position of the REL/ABS switch.

The aircraft was equipped witlan airframemounted low frequency
underwater locator beacon (ULB) which operated fiequency of 8.8 kHz.

The beacon was mounted on the forward side of the nose pressure bulkhead.
During the search phase, multiple surveys were conducted to detect a signal at
8.8 kHz, however no such signals were detected in the area where wreckage
was reovered.

On 10 March 2019, an accident related to failure of an AOA sensor occurred
involving a Boeing 738 (MAX) registered ETAVJ operated by Ethiopian
Airlines for scheduled passenger flight from Addis Ababa Bole International
Airport (HAAB), Ethiopiato Jomo Kenyatta International Airport (HKJK),
Kenya with flight number E1302.
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Contributing Factors

Contributing factors defines as actions, omissions, events, conditions, or a
combination thereof, which, if eliminated, avoided or absent, would rexeced

the probability of the accident or incident occurring, or mitigated the severity of the
consequences of the accident or incident. The presentation is based on
chronological order and not to show the degree of contribution.

1. During the design and ddication of the Boeing 737-8 (MAX),
assumptions were made abdlight crew response to malfunctions which,
even though consistent with current industry guidelines, turned out to be
incorrect.

2. Based on the incorrect assumptions abiight crew respons and an
i ncomplete review of associated mul
reliance on a single sensor was degrappropriate and met all certification
requirements.

3. MCAS was designed trely on a single AOA sensor, mag it vulnerable
to erroneous ingt from that sensor.

4. The absence of guidance on MCAS or more detailed use of trim in the flight
manuals and iflight crewtraining, made it more difficult for flight crews to
properly respond to uncommanded MCAS.

5. The AOA DISAGREE alert was not correctipabled duringBoeing737-8
(MAX) development. As a result, it did not appear during flight with the
mis-calibrated AOA sensor, could not be documented by the flight crew and
was therefore not available to pahaintenance identify the mézlibrated
AOA sensor.

6. The replacememOA sensor that was installed on theci@ent aircraft had
been miscalibrated during an earlier repair. This roaibration was not
detected during the repair.

7. The investigation could not determine that the installation tediecAOA
sensor was perfored properly. The miscalibration was not detected.

8. Lack of documentation in the aircraft flight and maintenance log about the
continuous stick shaker and use of the Runaway Stabilizer NNC meant that
information was not available toghmaintenance crew in Jakarta nor was it
available to the accident crew, making it more difficult for each to take the
appropriate actions.

9. The multiple alerts, repetitivRICAS activations, and distractions related to
numerous ATC communications were nbleato be effectively managed
This was caused ke difficulty of the situation anderformancen manual
handling, NNC execution, and flight crew communication, leading to
ineffective  CRM application and workload management. These
performancse had prewusly been identified during training and reappeared
during the accident flight.

215



4 SAFETY ACTION
At the time of issuing thiginal Report, theKNKT had been informed of safety
actionstaken by several partiessulting from thisaccident

4.1 Lion Air

On 29 Octber 2018the Safety and Security Directorassuedsafety reminder to
all Boeing 737 pilots to review several procedures including memory items of
airspeed unreliable and runaway #iaeér.

On 30 October 2018, issued information to all pilots whichtaiord reminder to:

1 Have a thoroughly understanding on Deferred Maintenance Item (DMI) for the
aircraft to be use.

1 Check any defect and the trouble shooting on Aircraft Maintenance Flight Log
(AFML) from the previous flights.

1 Be ready for any abnormal omergency conditions by having Memory Items
and maneuvers reviewed and have a good Cockpit Resource Management
(CRM) to all counterparts.

1 Write on the AFML for any malfunctions that happened during the flight. Brief
the engineer on duty comprehensively dabthe malfunction happened in
flight. Please refer to Fault Reporting Manual (FRM) provided in the aircratft.

1 Send report to Safety and Security Directorate through all reporting methods
that available as soon as practicable.

On 2 November 2018he Safetyand Security Directorate issued safety instruction:

For Operation Directorate:

1 To instruct all Being737 pilots to use the Fault Reporting Manual (FRM) in
all their Aircraft Flight Maintenance Log (AFML) report. This measure shall
be enforced by OperatienTraining and Standard with immediate effect.

1 To instruct all pilots to fill the AFML report with as much details as deem
necessary to provide a full comprehensive description of the technical defect to
the engineering team. This measurewt be applid with immediate effect.

T To reinforce in the current simulato
AStabilizer Runawayo maneuvers, with

1 To reinforcethe role of Chief Pilot on Duty, in order to raise operational issue
to IOCC/MCC should any significant notification has been received. This
measure should be applied with immediate effect.

1 To reinforce through Notice to Pilots, Ground Recurrent Training, and
Simulator Sessions on Decision Making Process when the aircrafeblased
and operating in abnormal (PARAN) or emergency (MAYDAYMAYDAY)
condition.
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For Maintenance Directorate

1 To ermsure Batam Aerdechnic(BAT) reinforce the role of technicatpecialist
team asihe maintenance support for more efficient troshtoting process.
This service should ensure that the
up until properly solved.

1 To ensureBatam AeroTednic (BAT) through their TRAXsystem gives
adequate alert orepetitive problem, even though reports for aforadtion
may have been coded under different ATA references.

{1 To reinforce theVICC role in malfunction follow up and troubleshooting.

On 3 November 2018&he Chief PilotissuedNotice to Pilot which rejuired all
pilots to perform the following:

1 Read and sty the FRM (Fault Reporting Manual) and know how to utilize it.
Any observed faults, status message, or cabin faults must be written down in the
AFML, and ATA Number/Tittle ofECAM Shown (Fault) For A330. Should
have any doubt, please contdut chief pibt or Quality Assurance Department
via Mission Control (MC) OM-partA 8.6.8.

1 Do not hesitate to describe in details about the defect that has been encountered.
This is a good practice especially tbe engineers to do the troubleshooting and
for the nex crew that will fly the aircraft.

1 Review the memory item routinetduring the briefing, and if applicable, review
the course of actions that should be taken if particular situations occur in any
pha of flight.

On 5 November 2018he Training Manageissued Training Notice to Pilot which
required all instructor pilotéo make additional training of airspeed unreliable and
runaway stabilizer.

On 7 November 2018he Fleet Managessued Notice to Pilot which required all
pilots to improve repaing eventsof IAS disagree, ALT disagree, SPEED fail, and
ALT fail asaserious occurrence.

On 8 November 2018he Safety and Security Directorassued Safety Instruction
to all pilots to follow Boeing Flight Crew Operations Manual Bulletin Number
TBC-19 and Numbr MLI-15.

On 12 November 2018the Safety and Security Directoratsued Notice to all
staion and operation managei the Emergency Flowchart revisiowhich
included occurrence involvig urgency and distress call event® be reported
through Emergety Response Report flow.

On 15 November 2018the Safety and Sedty Directorate issued Sadty
Instrudion to Safety Corporate Director and Batam Aero TeziiBIAT) Director
to implement Directorat General of Civil Aviation Airworthiness Directive nustb
18-11-011-U.

The Lion Air also conducted several corrective actionsespond the KNKT safety
recommendation written in the preliminary report as follows
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1 04.0201835.2

Accading to the weipgt and balancesheet, on board the aircraft were two
pilots, five flight attendants and 181 passengers consisted of 178 adult, one child
and two infants. The voyage report showed that the number of flight attendant
on board was six flight attendants. This indicated that the weight and balance
sheet did not contaiactual information.

KNKT recommend ensuring all the operation documents are properly filled and
documented

Responding to that safety recommendationD&cember 2018, the Lion Aiin
coordination withthe Lion ground support providéssued Quality Assance
Notice number 102/AAAS/N/XI1/2018 to ensure flight crew member
configuration were documented properly. In addition, on February 2019, the
Lion Air Chief Pilot issued Notice to Pilot number 010/NTP/II/2019 which
reminded all pilot to cross check tfight crew member composition with flight
attendant and ramp officer.

1 04.0201835.1

Refer to the CASR Part 91.7 Civil Aircraft Airworthiness and the Operation
Manual part A subchapter 1.4.2, the pilot in command shall discontinue the
flight when urairworthy mechanical, electrical, or structural conditions occur.

The flight from Denpasar to Jakarta experienced stick shaker activation during
the takeoff rotation andemained active throughout the flight. This condition is
considered as uairworthy conditon and the flight shall not be continued.

KNKT recommend ensuring the implementation of the Operation Manual part A
subchapter 1.4.2 in order to improve the safety culture and to enable the pilot to
make proper decision to continue the flight.

Respondingo that safety recommendatiom @1 February 2019, the Lion Air
emphasized the OMart A chapter 1.4.2 through initial training, upgrading
(captaincy) program, recurrent and Pilot Proficiency Check (PPC).

Other safety actions taken were as follows:
1. On 1l4February 2019, th®peration Training Departmergsued the CRM
trainingrelated to crew coordination:
a. Recurrent CRM Lesson Plan
b. Line Training Syllabus
The Operation Training Departmeraiso approvedthe Angkasa Training
Cent:er 0s
a. ATC/TP/B737/INH INST 01#/2019 Initial Type Rating Training
B737-NG Instructor Lesson Plan
b. Upgrading Syllabusssue 1 Rev 2 Trainee Syllabus
2. On 25 February 2019, tl@peration Training Departmergsued revision to
the training syllabus tondance flight crew decision making cept during
emergency or abnormal situation
a. B737 Recurrent 5 Ground Class Instructor Lesson Plamber: LA
DO-03-DCOT-134
b. A330 Recurrent 6 2019 Ground Class Instructor Lesson Rilanber:
LA-DO-03-DCOT-509
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4.2

4.3

3. On 25 February2019, the Operation Training Dep t me n t i ssued
Recurrent 5 Ground Cl ass | nBOOB-uct or

DCOT-134 to improving the flight crew awareness to the aircraft
transponder system.

4. On 1 October 2019, implement new training standard and pilot performance
review progran ¢ a | Rila dPerfaiimance Enhancement Progbam t o
improwe training method and enhance pilot performanoerespond KNKT
draft recommendation in KNKT draft final investigation report.

5. On8October 2019, issued Notice to Pitatmberd4/NTP/X/2019Reminder
of MEL Applicability related to ehancingcrew decision tocomply with
requirement fodispatchto respond KNKT draft recommendation in KNKT
draft final investigation report.

6. On 9 October 2019, issuellotice to Pilot number 45/NTP/X/2019
DISTRESS and URGHECY MESSAGE Emphasizing flight crew
declaration regarding distress message when appropriate to provide
awareness to the controller and enabling proper hantlimgspond KNKT
draft recommendation in KNKT draft final investigation report.

7. On 9 October 24, issuedNotice to Pilot number 047/NTP/X/2019 ASR
enhance and detail handing over control procettumnespond KNKT draft
recommendation in KNKT draft final investigation report.

8. On 10 October 2019, issudtbtice to Pilot number 047/NTP/X/2019 ASR
informing synchroniation of reporting system definition in the GMand
SMSM.

9. On 11 June 2019, amended CMM related to &peetitive problenhandling
policy which alignswith BAT LMPM that amended on 22 July 2019.

Issued revision to theACL, CAMP and issuedNotice to Pilot number
026/NTP/XI/2018related to PIC dty andresponsibiliy in fault reporting

Batam Aero Technic

On 08 November 2018, the Batam Aero Technic (BAT) issued Engineering
Information to revise Aircraft Flight Manual (AFM) ofd&ing 737-8 (MAX) in
accordance with Directorate General of Civil Aviation Airworthiness Directive
number 1811-011-U.

On 11November 2018, the BAT conducted Angle of Attack installation test to all
Boeing 7378 (MAX) aircraft operated by Lion Air.

Boeing Company

On 6 November 2018, issued Flight Crew Operation Manual BulléDiviB)
Number TBCG19 with subjected Urcommanded Nose Down Stabilizer Trim Due
to Erroneous Angle of Attack (AOA) During Manual Flight Only to emphasize the
procedures provided in the runaway diabr nonnormal checklist (NNC). The
detail of the FCOM Bulletin is available on the appendicés.

On 11 November 2018, informedl 737NG/MAX Costumers, Regional Directors,
Regional Managers and Boeing Field Service Baseduiai Operator Messages
(MOM) with subject Informationi Multi Model Stall Warning and Pitch
Augmentation Operation. The detail of the MOM is available on the appendices
5.12
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4.4

Boeing advised the KNKT that a number of actions are being undertaken. Most
significantly, Boeing has wated how thé&1CAS function works and how th&OA
Sensor systems on thecraftinteracts with MCAS. Boeing is also in the process of
updating crew manuals and training to provide enhanced information that pilots can
use to fly the 737 MAX safely.

1. Updates to theMCAS

1 The flight control system will now compare inputs from both AOA
sensors. If the sensors disagree by 5.5 degrees or more, MCAS will not
activate. An indicator on the flight deck display will alert the pilots.

1 If MCAS is activated in nomormal conditions, it will only provide one
input for each elevated AOA event. There are no known or envisioned
failure conditions where MCAS will providepetitiveinputs.

1 MCAS can never command more stabilizer input than can be counteracted
by the flight crewpulling back on the column. The pilots will continue to
always have the ability to override MCAS and manually control the
aircraft

2. Updates to the 737 MAX Display System
1 TheDisplay Systemwill be updated so that all 737 MAX aircraft will have
an activatd and operable AO®ISAGREEalert and an optional angle of
attack indicator.

3. Developing changes to the 737 MAXCOM and certain nomormal
procedures.

4. Developing updated detailed compubased pilot training and other
supplemental materials for 737 MAX &@iMCAS, as requirements above and
beyond the instructded academic and simulator training that pilots must
successfully complete to first qualify to fly the 737 MAX

Collins Aerospace

The safety action taken by Collins Aerospace regards to releasingdate uo the
CMM revision 10 of CMM 3412-34 that was released on 2 August 2019, to add
robustness testing that included:

1. Updates to the test equipment requirements that should allow for easier oversight
of equipment equivalency justifications by the MRO

2. Additions of an Angle Position Indicator verification test that validates modes
(resolver vs synchro vs relative) and interconnections

3. Addition of a resolver output voltage level test that indicates proper
transformation ratio of the device (this shouttentify intermittent resolver
outputs at room temperature)

4. Addition of a thermal cycling test for troubleshooting on units that exhibit issues
that have altitude (thermal) related on aircraft faults
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4.5 AirNav Indonesia Branch Office JATSC

On 47 12 Februsy 2019 conducted emergency recurrent trainfog air traffic
controllersuperviso on Tower and Approach Control units.

On 27 August 2019reviewed and amended thdATSC Standard Operation
Procedure for ApproacBontrol Servicess follows:

1 Amended sbchapter 6.2 to the following:

Old Version Amended Version

If any reportof aircraft instrumen{ If any report of aicraft malfunction
malfunction from flight crewmight | from flight crew might be sysected
be suspected or classified as | or classified as an emergen
emergency situation. situation.

1 Addedprocedure to handemergency situation on chapter 6.2.3.2 as follows:

o. If it is required, controller can request pilot intention during emergency
cond tion with phraseology AREPORT YOL

4.6 Federal Aviation Administration
Post Lion Airaccident, ations taken by FAAvere:

1. The Federal Aviation Administration (FAA), was assigned as a technical
advisor to the US accredited representative, The National Transportation Safety
Board (NTSB), to suppb KNKT Annex 13 accident investigation into Lion
Air flight 610. The FAA assigned two individuals who traveled with the NTSB
and General Electric (GE). One Accident Investigator and one Flight Test pilot
who is type rated in the 737 with 737 Max certifioa evaluation experience.

2. FAA support is not limited to osight activities. The Seattle Aircraft
Certification Office has been extensively involved since the accident happened.
The FAA participated in the Boeing Safety Review Board process. The
Certification office has assigned individuals with expertise in Aircraft systems,
flight controls, flight test certification, and aircraft performance to support the
Indonesian KNKT These individuals are continuously working closely with
NTSB counterparts.

3. Once an unsafe condition of a possible erroneously high angle of attack (AOA)
sensor input is received by the flight control system, there is a potential for
repeated nosdown trim commands of the horizontal stabilizer. The FAA
immediately began working withBoeing Flight Safety on avenues of
communicating the possible unsafe condition to-889 operators in the US
and Worldwide.

4. The FAA Aircraft Certification Service completed an initial assessment of the
Boeing 7378/-9 aircraft following established tmaport aircraft continued
operational safety risk assessment methodology. The FAA conducted a
Corrective Action Review Board (CARB) which produced a fleet risk that
required immediate action.
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5. On6 November 2018: The FAA issued a Continued Airworthinesgibimtion
to the International Community (CANIC), notifying foreign civil aviation
authorities of our planned airworthiness actions.

6. On 7 November 2018: The FAA issued Emergency Airworthiness Directive
(AD) 201823-51. The AD was sent to owners and opesataf The Boeing
Company Model 73B and-9 aircraft

7. On 7 November 2018, The FAA sent Inspectors from the Miramar Flight
Standards District Office to Xtra Aerospace to get copies of the repaired AOA
P/N 0861FL1S/N 14488 records, copied those records pravided them to
the investigative team.

8. On November 2018: FAA Aircraft Certification Services began working with
Boeing to update the MCAS software

a. November and December 2018: FAA simulator evaluations
b. December 2018: FAA review of initial certificatiguhanning
9. OnJanuary 2019: FAA review of certification plan submittal

a. Changes made through software to the Flight Control Computer Minimize
MCAS vulnerability to erroneous AOA signals

b. Limits MCAS command to a maximum of one input for eaalrafthigh
AOA event

c. Limits MCAS maximum command to ensure sufficient handling capability
using elevator alone.

d. Changes to the Primary Flight Display System Implementation of the
AOA Disagree message

10.0n 13 March 2019: FAA grounds 737 MAX once potential relationship
between accident flights was established based on Flight profile comparison
and Physical evidence from Ethiopia Air accident March 10, 2019.

11.0nMarch 2019: Aircraft Evaluation Group (AEG)/Joint Operations Evaluation
Board (JOEB) simulator evaluation of MGAchanges

12.0n April and May 2019: FAA initiated international Certification Outreach
Sessions

a. 10 outreach sessions conducted;

b. FAA holds conference call with Indonesian DGCA

c. Calls structured to provide common updates to all participating authorities
d. MCAS design changes and certification progress

e. Process for evaluating training changes

f. Outreach efforts will continue as the 737 MAX is returned to service

13.0n April 2019: FAA initiates and leads Joint Authorities Technical Review
(JATR)

a. Participation of FAANASA, and nine Civil Aviation Authorities (CAA)
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b. Multi authority review of FAA process and procedures used in the
certification of the automated flight control system of the Boeing8/3
MAX, including human factors and training requirements. The JATR
comprises experts from variety of disciplines from the FAA, NASA, and
civil aviation authorities of Australia, Brazil, Canada, China, European
Union, Indonesia, Japan, Singapore, and the United Arab Emirates.

14.0n May 2019: Technical Advisory Board (TAB) trated consistent of an
independent group of FAA and other agency experts not involved in the
certification of the Boeing 737 MAX.

a. Participation in the TAB includes:

A FAA Experts; Aerospace Engineers (Avionics/Electrical), Flight
Standards (FSB & Trainingllight Test Pilot, Chief Scientists (Flight
Deck Integration, Software, Flight Simulator Systems)

A Non-FAA Experts; NASA: Flight Controls & System Integration,
Volpe: Pilot/Human Factors Chief of Aviation Safety Management
Systems, U.S. Air Force: Systei@afety & Integration

b. TAB Activities (In advance of any additional FAA design approvals):

A Review the design change and the overall approach to demonstrate
compliance with regulatory standards

A Review relevant failure modes that can affect MCAS function and
confirm that the design change mitigates hazards

A Review approach for software certification
A Review training program changes
15.May 2019: FAA sponsored the Directors General Aviation Safety Summit

a. Twenty seven countries Including Indonesia, Civil Airwortisge
Authorities, EASA, and ICAO were in attendance.

b. FAA presented material on both 737 MAX accidents, a status of the design
and certification changes, and the eventual return to service requirements
in the United States.

c. FAAis committed to assisting itaternational partners in the eventual
return to service of the 7337-9 MAX aircratft.

16.Design Change Validation Efforts

1 Transport Canada Certification Authority (TCCA), European Aviation
Safety Agency (EASA), the Civil Aviation Authority of China (CAAC),
and National Civil Aviation Agency of Brazil (ANAC) are validating
authorities evaluating of the 737 MAX design change.

17.FAA is conducting daily phone calls both internally and with Boeing to assist
in tracking action items of the 737 MAX design changeuentually return the
aircraft to service in the United State¥he FAA is committed to assisting
CAAs with their own decisions to return the 737 MAX to service.
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4.7

NTSB Recommendation to FAA

Following the accidents of Lion Air and Ethiopian Airlines, th&¥B participates

on both investigations. On 19 September 2019, NTSB issued Safety
Recommendation Report titledAssumptions Used in the Safety Assessment
Process and the Effects of Multiple Alerts and Indications on Pilot Performance.
The NTSB recommendains to FAA are as follows:

a.

Require that Boeing

(1) Ensure that system safety assessments for the 737 MAX in which it
assumed immediate and appropriate pilot corrective actions in response to
uncommanded flight control inputs, from systems such as theslWanng
Characteristics Augmentation System, consider the effect of all possible flight
deck alerts and indications on pilot recognition and response; and

(2) Incorporate design enhancements (including flight deck alerts and
indications), pilot proceduse and/or training requirements, where needed, to
minimize the potential for and safety impact of pilot actions that are
inconsistent with manufacturer assumptions1@\10)

Require that for all other US typeertificated transpoitategory airplarg
manufacturers

(1) Ensure that system safety assessments for which they assumed immediate
and appropriate pilot corrective actions in response to uncommanded flight
control inputs consider the effect of all possible flight deck alerts and
indications on pilbrecognition and response; and

(2) Incorporate design enhancements (including flight deck alerts and
indications), pilot procedures, and/or training requirements, where needed, to
minimize the potential for and safety impact of pilot actions that are

inconsistent with manufacturer assumptions1@11)

Notify other international regulators that certify transp@tegory airplane
type designs (for example, the European Union Aviation Safety Agency,
Transport Canada, the National Civil Aviation Agefgmazil, the Civil
Aviation Administration of China, and the Russian Federal Air Transport
Agency) of Recommendation-A9-11 and encourage them to evaluate its
relevance to their processes and address any changes, if applicalf®el ZA

. Develop robust tosl and methods, with the input of industry and human

factors experts, for use in validating assumptions about pilot recognition and
response to safesignificant failure conditions as part of the design
certification process. (A9-13)

. Once the tools andnethods have been developed as recommended in

Recommendation A9-13, revise existing Federal Aviation Administration
(FAA) regulations and guidance to incorporate their use and documentation as
part of the design certification process, includingexaminng the validity of

pilot recognition and response assumptions permitted in existing FAA
guidance. (A19-14)
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f. Develop design standards, with the input of industry and human factors
experts, for aircraft system diagnostic tools that improve the prioritizatnd
clarity of failure indications (direct and indirect) presented to pilots to improve
the timeliness and effectiveness of their responsd. XA5)

Once the design standards have been developed as recommended in
Recommendation A9-15, require implerantation of system diagnostic tools

on transporcategory aircraft to improve the timeliness and effectiveness of
pilotsdé response when multiple fligh
(A-19-16)

4.8 Directorate General of Civil Aviation

1. Instructed to & Boeing 7378 (MAX) to conduct special airworthiness
inspection to all Boeing 738 (MAX);

2. DGCA performed Special Audib Lion Air and Batam Aero Teknik from 30
October 2018 to 2 November 2018;

3. DGCA performed Ramp Chedhk all Boeing 7378 (MAX) operded by Lion
Air which later on continued with other types of aircratft.

4. On 8 November 2018, DGCA issued Airworthiness Directive (ADnber
18-11-011-U which referred to the FAA Emergency Airworthiness Directive
number 20183-51 and Boeing FCOM BulletinBC-19;

5. On 15 November 2018, DGCA issued Safety Circular number SE. 39 of 2018
related to the implementation of Airworthiness Directivenber 1811-011-U;

6. On 21 and 22 November 2018, DGCA performed implementation evaluation
of the AD no. 1811-011-U in smulator Boeing 738 (MAX) in Singapore;

7. On 13 Deember 2018, DGCA issued Safety Circular number SE. 45 of 2018
related to the regulation of occurrence reporting to aircraft operators;

8. On 13 December 2018, DGCAssued Safety Circular numb8E. 460f 2018
related to handling of repetitive problem

9. On 12 March 2019 DGCA issued Temporary Groundedo Boeing 737-8
(MAX) operated by Indonesia aircraft operator

10.0n 22 October 2019, DGCA issued Safety Circular number SE.013 of 2019
related to procedure of hd over control to respond KNKT draft
recommendation in KNKT draft final investigation report.
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SAFETY RECOMMENDATIONS

5.1

5.2

The KNKT acknowledges the safety actions takenloyn Air, Batam Aero
Technic, FAA,andDGCA. KNKT considered that the safety actsonere relevant
to improve safetyand encourage the implementation of these safety actions.

KNKT identified safety issue remains to be considettegtefore the KNKT issued
safety recommendations to address safety issues identified in this report.

Lion Air
04.0-201835.3

The investigation foundlion Air manuas did not updated in timely manner and the
content have several inconsistencies, incompleteness, and unsynchronized
procedures.

Therefore, KNKT recommends establishgygstem to ensure thmpany manals
are updated in timely manner.

04.0-2018354

The investigation considered that the duration of hazard identification topic on the
SMS training syllabus was insufficient. This may reduce the ability of employees to
define and report a hazard. Consifiierthe Lion Air safety report on December
2018 mostly consisted of occurrence report and only about five percent of hazard
report.

Therefore, KNKT recommends that Lion Air review the SMS training material and
the duration of training.

04.0-2018355

The LNI043 flight that experienced multiple malfunctions were considered caused
or could have caused difficulties in controlling the aircraft. According to the ICAO
Annex 13, CASR part 830 and Opart A, the flight is classified as serious incident
which reqiired investigation by the KNKT in accordance with the Aviation Law
Number 1 of 2009 and Government Decree Number 62 of 2013.

Therefore, KNKT recommends that Lion Air improve their hazard report
management enabling identifying the hazard and provide€pnopigation.

Batam Aero Technic

040-2018356

The AOA installation test was performed by the engineer in Denpasar using the
alternative method as described in the Boeing AMM. The AOA values indicated on
the SMYD computeruring the test were not reced as requed by the BAT
LMPM. Without the recorded value, the success of the installation test could not be
determined.

Therefore, KNKT recommends emphasizing engindersecord test values as
required by the BAT LMPM.
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5.3

5.4

5.5

040-201835.7

The investigatio found BAT manuas$ did not updated in timely manner and the
content have several inconsistencies, incompleteness, and unsynchronized
procedures.

Therefore, KNKT recommends establishgygtem to ensure ttmpany manuals
are updated in timely manner.

040-201835.8

The OMF has the history page which contains record of the aircraft problems which
can be utilized as a source for aircraft problem monitoring. The BAT has not
utilized the OMF information as the source of aircraft problem monitoring.

Therefore KNKT recommends that Batam Aero Technic establish podind
procedure of handling OMF

AirNav Indonesia
04.A-201835.9

The flight crew of LNI610 asked to the TE controller of the aircraft altitude
detected on the ATC radar displayiah might be an ébrt to obtain other source
of information. The asking of aircraft altitude tbe controller will not get any
additional information as the ATC radar dep is received data from aircraft
transponder which transmitting the cockpit indications.

Therefore,KNKT recommeads poviding information to the flight crew that the
altitudeindication on theATC radar display was repeating data from the aircraft

Xtra Aerospace
040-201835.10

After Xtra Aerospace repair of the accident AOA sensor in November af, 204
sensor was installed on the RIQP aircraft on left side position during the
maintenance activity in Denpasar on 28 October 2018. On the subsequent flight, a
21-degree difference between left and right AOA sensors was recorded on the
DFDR, commencig shortly after the takeoff roll was initiatedhis immediate 21
degree delta indicated that the AOA sensor was most likely improperly calibrated at
Xtra.

As noted, utilization of the Peak Model SR)1B API by XtraAerospacdor the
test and calibtgon of the 0861FL1 AOA sensor should have required a written
procedure to specify the proper position of the REL/ABS switch.

Therefore, KNKT recommends emphasizing the implementation of a company
manual including equivalency assessment, training antewnirocedure, to ensure
component being repaired are properly maintained.

Boeing Company
04.M-201835.11

During the accident, multiple alerts and indications occurred which increased flight
crewbs workload. This o0bscuwldnbtatriteeat pr ot
a solution during the initial or subsequent automatic AND stabilizer trim input, such
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as performing the runaway stabilizer procedure or continuing to use electric trim to
reduce column forces and maintain level flight.

Therefore, KNKT reommends that the aircraft manufacture to consider the effect
of all possible flight deck alerts and indications ftight crew recognition and
response; and incorporate desigfiight crew procedures, and/or training
requirements where needed to minimtize potential foflight crew actions that are
inconsistent with manufacturer assumptions.

04.M-201835.12

During certification phase, compliance was demonstrated by flight test pilots which
normally have exceptional skill and experience. Flight testitenerally have
more knowledge about the aircraft design characteristics than normal pilots. This
level of competence usually cannot be translated to most pilots. However, test pilots
are trained to replicate the averaffjght crew. The Aircraft Evaluabn Group
pilots, who have an operational flying background, also evaluate the aircraft during
the certification phase. These pilots establish the pilot type rating, training, checking
and currency requirements as part of the Flight Standardization BB&f8) (
process. The FSB process also utilizes airline line pilots to help ensure the
requirements are operationally representative. The FAA and OEMs should re
evaluate their assumptions for what constitutes an avéiiggecrewd s b asi c
and whatlevebf systems knowl edge flghtore@w opasl
when encountering failures.

Therefore, KNKT recommends that Boeing include a larger tolerance in the design
is required to allow operability by a larger population of fliggtied pilots

04.M-20183513

During the accident flight, the DFDR recorded a control force of 103 Ibs., after
repetitive MCAS activation was responded with the FO had responded with
inadequate trim to counter MCAS. At this point, the flight crew was unable to
maintan altitude.

Therefore, KNKT recommends that Boeing and the FAA more closely scrutinize
the development and certification process for systems whose malfunction has the
ability to lead to loss of control of the airplane.

04.M-201835.14

The flight crew shaold have been provided with information and alerts to help them
understand the system and know how to resolve potential issues. Flight crew
procedures and training should be appropriate.

Therefore, KNKT recommends ®oeingto develop theguidance for theriteria of
i nformation which should be included i
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5.6

04.M-20183515

The aircraft should have included the intended AOA DISAGREE alert message
functionally, which was installed on 737 NG aircraft. Boeing and the BAduld

ensure that new and changed aircraft design are properly described, analyzed, and
certified.

Therefore, KNKT recommends to Boeing that they ensure that certified and
delivered airplanes have intended system functionality

04.M-201835.16

ThelFIMt asks of AALT DI SPAMCREEBHO aarde fid LA iDd
leak test in step (3) and (4) as they are referring to the same AMM tdsks. T
repetition was inefficient and did not contribute to problem solving.

Therefore, KNKT recommends the IFIM taskequencare reviewed to ensure
they are effective.

Directorate General of Civil Aviation (DGCA)
04.R-201835.17

The investigation revealed several deviations from standard procedures such as
departure with unserviceable airworthiness items and inapatepmplementation
of maintenance procedure.

Therefore, KNKT recommends improving oversight to ensure implementation of
the standard procedure.

04.R-201835.18

Several manuals were found incmtence jnapplicablethe content dichot include
duty andresponsibility of significant personnel and not updated in timely manner.

Therefore, KNKT recommendmproving the oversight of the manual to ensure the
manuals are conform to the standard arahtgxd in timely manner.

04.R-201835.19

The investigation @nsidered that the duration of hazard identification topic on the
SMS training syllabus was insufficient. This may reduce the ability of employees to
define and report a hazard. Consistently, the Lion Air safety report on December
2018 mostly consisted afccurrence report and only about five percent of hazard
report.

Therefore, KNKT recommends that the Directorate General of Civil Aviation
review operators SMS training material and the duration of training to ensure
adequacy of SMS implementation.
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5.7

Federal Aviation Administration (FAA)
04R-20183520

In the accident flight, thesystem malfunction led to erroneous information that
initiated a series of eventhat were not correctly recognized andooesled to by
theflight crew.

This exposed issuebldt were not identified if FAR 25.1302 and 25.1309 were each
considered separately in which system malfunction was followed by flight crew
limitation in identifying and mitigating the problem. There could be a potential gap
between the two requirements whaystem malfunction is followed by crew
fallibility.

Therefore, KNKT recommends to review the requirements of the applicable FARs
to considerany issue that may be overlooked when the requirements are considered
separately.

04R-20183521

In the accidenflight, the system malfunction led to a series of aircraft and flight
crew interactions which the flight crew did not understand or know how to resolve.
It is the flight crew response assumptions in the initial design process which,
coupled with the repive MCAS activations, turned out to be incorrect and
inconsistent with the FHA classification of Major.

Therefore, the KNKT recommends that the FAA review their processes for
determining their level of involvement (degree of delegation) and how changes
the design are communicated to the FAA to ensure an appropriate level of review.

04R-20183522

The absence of equivalency assessment required by Xtra Aerospace procedure and
unavailability of procedure was not detectedloyy FAA. This indicatd inadequacy
of the FAA oversight.

Therefore, KNKT recommend$at the FAAimprovesthe oversight to Approved
Maintenance Orgamation (AMO) to ensurdghe proes®s within the AMOare
conductedn accordance wittherequirements

04R-20183523

During the accident flight, the DFDR recorded a control force of 103 Ibs., after
repetitive MCAS activation was responded with the FO had responded with
inadequate trim to counter MCAS. At this point, the flight crew was unable to
maintain altitude.

Therefore, NKT recommends that Boeing and the FAA more closely scrutinize
the development and certification process for systems whose malfunction has the
ability to lead to loss of control of the airplane.
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04R-20183524

During the accident and previous LNB®4#lights, the flight crew initially responded

in the same way, by pulling back on the control column. However, they did not
consistently trim out the resulting column forces as had been assumed. As a result
Boeing assumption was different from tiight crew behavior and reaction time in
responding to MCAS activation.

Therefore, the KNKT recommends that the FAA work with international regulatory
authorities to review assumptions flight crew behavior used during design and
revise certification processeao ensure assumptions used during the design process
are validated.

04R-20183525

The flight crew should have been provided with information and alerts to help them
understand the system and know how to resolve potential issues. Flight crew
procedurs and training should be appropriate.

Therefore, KNKT recommends to the FA#ork with international regulatory
authorities to reviewthe guidance for the criteria of information which should be
i ncluded in flight crew and engineero6s

04R-20183526

The aircraft should have included the intended AOA DISAGREE alert message
functionally, which was installed on 737 NG aircraft. Boeing and the FAA should
ensure that new and changed aircraft design are properly described, analyzed, and
certified.

Therefore, KNKT recommends to Boeing and the FAA that they ensure that
certified and delivered airplanes have intended system functionality.

04R-20183527

The aircraft was equipped withn airframemounted low frequency underwater
locator beacon (ULB) whit operated at a frequency of 8.8 kHhe beacon is
included in ICAO standard§ he purpose of the beacon is to aid in the location of
submerged aircrafDuring the search phase, multiple surveys were conducted to
detect a signal at 8.8 kHz, however natssignals were detected in the area where
wreckage was recovered.

The beacon was mounted on the forward side of the nose pressure bulkbsid.

of the preferred installation locations could not be used because they proved to be
incompatible with EASA amh FAA NonRechargeable Lithium Battery certification
requirements or they did not meet the ICAO empennage and wings exclusion

Therefore, KNKT recommends to the FAWork with international regulatory
authorities to reviewhe requirementfor installationof Non-Reclargeable Lithium
Battery certification requirements
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6 APPENDICES

6.1 Underwater Searchfor Flight Recorder

KOMITE NASIONAL KESELAMATAN TRANSPORTASI
REPUBLIC OF INDONESIA

KNKT.18.10.35.04

Underwater Search for Flight Recorder Report |

PT. Lion Mentari Airlines ; Boeing 737-8 (MAX); PK-LQP

Tanjung Karawang, West Java ; Republic of Indonesia
29 October 2018
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ABBREVIATIONS AND DEFINITIONS

ADS-B
AlB
BASARNAS

BPPT

CSMU
CVR
FDR
KNKT

MPV
NTSB

ROV
SAR
TSIB
ULB
USBL

Automatic Dependent Surveillance-Broadcast
Kingdom of Saudi Arabia Aviation Investigation Bureau

Badan SAR Nasional (Indonesia National Search and Rescue
Agency)

Balai Teknologi dan Survei Kelautan as part of Badan Pengkajian
dan Penerapan Teknologi

Crash Survivable Memory Unit
Cockpit Voice Recorder
Flight Data Recorder

Komite Nasional Keselamatan Transportasi (National Transport
Safety Committee)

Multi-Purpose Vessel

National Transportation Safety Board of the United States of
America

Remotely Operated Vehicle

Search and Rescue

Transport Safety Investigation Bureau of Singapore
Underwater Locator Beacon

Ultra Short Base Line
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