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Accident Analysis & Lessons Learned of B737MAX JT610
from a Flight Control System Design Perspective

Jung-Ho Moon’, Hwankee Cho”

ABSTRACT

The Lion Air JT610 accident in Indonesia in October 2018, along with the Ethiopian Airline
ET302 accident in March 2019, is an significant aircraft accident that detects defects of the
B737MAX aircraft. Shortly after the accident, the FAA prohibited operation of the aircraft. This
action has affected the market environment of airlines and aircraft manufacturers around the
world. In October 2019, Indonesian Traffic Safety Committee released an accident investigation
report for Lion Air JT610, which concluded that the causes of the accident were MCAS design
defects, lack of education and training, and errors in the repair process. This paper summa-
rizes the flight control system of the B737MAX aircraft, the causes of the accident based on the
final accident investigation report, and provides considerations for aircraft design and retrofit.
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2012 FEFE B737MAX 71%°] 914t), A320Neo”}
47892 A H-&S TE31HLehman, 2012). oF
A9k 2018¢ 109 29Y AmYAJotof|A] HAYEE 2to]
200} JT610" AF(Tjahjono, 2018)2} 20194 3
¥ 102 ofgemol ¥ ET302%W AF(FDRE,
2019) o3 A AIA B737MAX 715:9] 23to] FHH
et o] =Eol4= 20199 10€ 259 QI=HAloF &
EOPHYYAS](NTSB, National Transportation Safety
Board)7} W3t gto]2ofojghs AFILRAL XFH A
(Tjahjono, 2019)2}t o] @uo} g5 AFLFAL F7HE
TA(FDRE, 2019), 1 9 #HA 71& EARAE &9
H|giAo] A|AH] HA] BHAA Q] JTE10H Akardxt
£ BAsta, At 571 AlAE AAA] THARRE
AAota A} ghe
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2.1 Al 7HR

gto2oflo] JTO10HAALEARL 1A= ICAO Z=
2l LNI610 & 7172 2018 10¥ 29Y AZHIA]
o} $7t215tet FAIF S olFdl BEIGOE H]
Yot Folt. sHAEE o|F gE & 138 F A=
el side] S=hofl &Rt 1899 HYo] ALt
o] Al 201790 =YE AEL B737MAX AlE=
o719 B A WA 2 ARgom, Lion Air
9] 189 IAMY 7FE XAl At giet. QIE=H|AJof
AR= 280km A|99] £ g FRAAS A7Rste]
119 1¥09f v]g71ZAR|(FDR, Flight Data Recorder)
£ A6 e, 20199 19 140 2F4S471=
AA|(CVR, Cockpit Voice Recorden)E 3]4=5}9ith.
Fig. 12 TGA] ADS-B(Automatic Dependent Surveill-
ance Broadcast) Hlo|E|2EE FE3E Alarr] v
A Ued AoxE dukEel o|F9 AL I
25,000ft714] A|&H 02 4f55l=t] HIsl, o]¥ ARl
FI71= A= 5,000ft AN AZAFEo] itk
FH AL & & A

FAAE 3RS0l F7H4Q1 234 52 dS B
dotes Huska, FF7] AR ALHQ] S/W
NaAES drTo=N F37] 22 A=A
o]% 20194 3¥ 10¢ ofglo} 37 ET302%o]
YT Ao E At ASHAA A AlA =7Fs0l
B737MAX &35719] &% ¥ d554= a5k

irlines flight JT610 / e

Jakarta oo

Fig. 1. Trajectory, altitude and speed of
JT610(Flightradar24, 2019)

ARLEAL IOl BRIS 2FEGS A7
A3l MAXZ1El AEAl F7H AnES o] 2EQ
MCAS(Maneuvering Characteristics Augmentation
System) AAUgol BT, A HATH A,
g B EAEC] TAHAS. NTSB= "MCAS
7F ARaLe] 329 QRlolw, Aol Ajt, FAHES FA
Ha 23AF £ RS 5] BF 7|9 QRlo|lth”
2 AES U

2.2 B737 ¥37] M

B737 @871 19689 AZ0& A 3= A%t
sto] @A7IA] APArEDL Sl AA7IR AAMY 7P
o] & 7]Folt. YL 1997WRE UAE 2F
At 2 Yl(winglet), AFL(sharklet)S A2t
B737NG(Next Generation)AlB]|Z2E &AL, U
o= HA ¥1%7] 395t 5 140th7t B737 71&0l
th. Table 1= 20184 12€ 7|59] = 3ARE B
Fri<olthR.O.K. MOLIT, 2018).

B737 @571 #7107t A, ATt whe- =
< Holth o] A2 FFlA AR FHlE -&olst
A sk, FF7] FAE S017] At A9 BT
FIWE =4 Yot HFEEE Sofolt A2 WA
g1 ITHEASA, 2007), (Fedok, 2001). o|=$t &
7 2ol B7372 AA715l vls) @A Al
A 95 A o Ak, B73790 AR &
29] AL P&WAL JTSD ElEH QIO E Aulo]luf
2H|(1.74:1) 1”09t SkAEE B737-300%E+= Hf
olujAH]7} 5:1~6:1%0 CFM56AIE ElEH 1S &
Zeigiet. 11 3PgollA Zh2 dligr]o] mize] Xt
AHate] 7+ StHE 95 Izl FUFE B eR
A2 i Baer, 1982).

T, 18E P79 o7t SUFHHA BYe
Hlo]mjAH]|7} 9:10] Y+ CFM LEAP-1B JHfo]miA

Table 1. B737s registered in Korea

Airline Types No. of B737
Korean Air -800,-900,-900ER 32
Jeju Air -800 40
Jin Air -800 23
Eastar Jet -8, -800, -900ER 19
T'way Air -800 24
Air Incheon -400F 2
Total 140
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HEHW JAE 23 B737MAX 71852 EAIsH9th
(Michael, 2014). B737-8 MAX: 162-178%9] &
o] ¥ 7HsSt 188 FHAY AAA7I= 20174
39 FAARRE FAFEE FHSSIHtHTommaso,
2019). Fig. 2+ 712 B737NGE &4 418 737
MAX71E9] X=7] 9 A2k |5 Blwgh ot
o AXHAO] wet NGALE ot § &
IR oz AR ARt

A2 A XL} & L 2 whgztoA U
A ok 55 WA Wllo] CGErt ol $14]
StEE AL IAA w2 ¢ s vEoidle= A
°]tiCho, 2019). Alt337] L] B9+ B
7, WF7]o] 94 2FH YA 5 et s B
Qo] 7Fs3iet. sHARE B737718-2 23ERt vt
A4o] H3H 7IAR Il FASHE F55h,
Aol 2A1E a7t It

B2 3571 A7 7159] FAR Part. 21 §21.101
Changed Product Rule°] 2Js] HAAIRGS AlEH
I, I IPolA §25.203(a) AL EA, §25.255
Stick force per g(FM/g), §25.143(f) 25487 715
Y FES TEAACE FTHFAA, 2012). sHAEE s
7182 ] 2 WA ASEITH PP, AXE
old oz 2FEHS BAdok= MCASE Z-85H3irt.

2.3 B737 HIYHMOAAH
2.3.1 I7|XtE EMAIAHI(ADIRS)

B737 7152 W7IAERX L WITHZA7E B9
%l ADIRS(Air Data Inertial Reference System)7}
Azt=o] 9lt}. ADIRS= H|F Ho|[HE ZFAF &
Edlo] sfidz} mPHEFE, A A A— ] A
S35 Mclntyre, 1994). Fig. 32 ADIRS AlA" +
AEE Yepd 202 b, A7) &, ¥EZHAOA,
Angle of Attack) AlA 3HS 2&e| 1%, Bg7]E
T A&, By wg7t 5 H7] JEE AL

Fig. 2. Nacelle comparions of Boeing 737NG
and 737MAX(Fehrm, 2019)
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Fig. 3. Pitot probe and static port system of
B737 (Boeing, 1997)

of7|A 1k} == AFUdE AMgSH, 7] A
Bl W JFE F4slsh] 9l ADIRU= 71&
SABY ¥ FH ¥ AHEY 5Z EAT
(Ryan, 1994). o] 352 HIYA|JHFE(FCC, Flight
Control Computer)Z Z&Eo] MCASQ] o=z
ARG

HEYFAIAHS 3719 fEHT 6719 FAF2
2 olFA Ut} HED 2749t AYT 47= ADMO
A FEgrog WEkEo] ADIRU(AIr Data Inertial
Reference Unit)Z ZHHct. Yz Bx mEd7}
AYTE HX Aol & At B mETS
F71HSS) SHo] 2=l qlk. 714 2510l B
2 wEH 92" ADM HoJHE = ADIRU-1
o HlolEE B, F71gAo] X3t ERL 95
ADIRU-29 dZ=o] itk WA ADM2 A5t
AZ=o] 7heH] YA it

AOMIA = 371 BA 7Iee& 3719 A W
FE Scke AXE 71AA Hd(Vane)& ARSSEAL
ofg] 7}9] GAAE o]8sk= WH4lo] YIthBerkstresser,
1973). B737°1 ZF2E AOAAIAE= 71414 HIQ1 e
2 HRlo A2ke #E&H(Resolver)& ARl w7t
= ST HEHE 1Y Ao AE, 2w
T2 £ X549 Sinkleel CosAleE o]gsf z+
=5 4% B7379] A3d 292 0861FLIZ
Collins Aerospace”} A8t TSO-C54 E50lH, 3
A2 Fig. 49 2t AOAAIAE olido] e AT
H#sk= “On Condition” ] EZolt}, &He}
ATAE o]F o= WdE ol g1l ADIRUS A&
9 QdiH(Stall Management Yaw Damper)A|28l
of ¥zt dZAdt AlAe A A 59 & & 4

3 7 Azl St
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7Hg31A] e A9 Fig. 73 Lol S5, 1= gt o
Al %—%m Ba1g mAE

#/92 PED &%7} 527} Sknots ©AF Zpojubd
1*lﬂ17l+5 EUA|(IAS DISAGREE) A1E A
o} I 5% o4 200ft oM Zo|7t W Aol &
UX|(ALT DISAGREE) B1E HA|3H}.

Fig. 4. Angle of attack(AOA) sensor of
B737(Tjahjono, 2019)
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Fig. 5. AOA resolver electric interface
(Lemme, 2019)

2.3.2 ASZH[(MAX Display)

B737 MAX+= MDS(MAX Display System)2tal £
2= A7 AAEE ZFED len, & 719
DPC(Display Processing Computer)7} B|°]E|E A
2J3it}. Fig. 62 o 7159 A7] tAaZd o] A2 Fig. 7. SPD and ALT invalid flags on PFD
TS UERd Aot} A|AE|0] EX HHo|A 14 (Tiahjono, 2019)
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Fig. 6. MAX display system (Tjahjono, 2019) Fig. 8. Stabilizer system (Boeing, 1997)
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2.3.4 MCAS 74 3 22|

MCASe= HA& 25545 FIAI717] 9l MAX
7150l AlEA 71 AZEQ0] REo|th 7|E 5
7|B737NG ol&)oll AztE o] Ad EHEEFFASTS,
Speed Trim System)°ll 31 7522, st=golZ]
O 2= 2}/5 H|PAoIEFE o A= ATk MCAS
/st 2742 F50lA o] H9 UL, LEIIHA
o] AAX U= AHoIA WEZo] w2 Beolth
Zto] AF5ell A flglo] okl e MCAS= #F
o= FHET EYREEE o8 52t »A st

2.4 A1 EAL ZAnt
2.41 NDIEAF HEET QOF

AL FE71(T610H) = 5 ACAMIAZE vl A
FE 2129 QEAE 7L U, ol g #Al=
FELA| oA HARA ket Ak A gl
dlatat2 -27L2E H]go = MCAS7 E4d3t=91A]
Tk 2FAME FHPIR ERY AQIAE o83 MCAS
£ I3 PHSHA AES & e &S Harskoirt
By goll= IASEYA, ALTEYA], FEEL DIFF
PRESS 6= Z3c}. opA9E w37 ¥ Havt &
A=A Ak7] wjEo] Stick Shaker®t STAB TRIM
Cut-off W82 Biro] 2] ghotet. At g =}
Zt2Et-npZdn) g HgolA] FUgH o] TR, X
FTAe 2 1= BUXE ERIska, v AHE

(Non-Normal Checklists)E& AZFARE MCAS 715
2 QlAsHA] 3}, ol & MCASS] &/d3ke} ATC
Al 502 2FAE FVIE BAT 4 itk

242 ZFA A 37| HE

JT610H= 234 27, 55 6%, &
| g5orer, A Argsiict. olgzof
AlQfstal BE S S20] lEyHAeRIo]
71 314 F0E 201197 o]0 ofofA]
FRoH, & HIFPARES 6,028~1%, 1 F B73771
5 BIYAIZE] 5,176 01300t 7172 414 B2
2 199795 H FFPoH, F HBARE 517447 &
B73771% ARkl 4,286A1ZtI 0. NTSB= 7178
7189 BE d5EY 7I15E AR, 583 ol
< WA X AL A FARNE RARIROH,
S8 M2 AR ookt ARl 571 20189 A
AFElO] & 4433] B, &A%kl 1,00041% olstel
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2.4.3 HIYCO[H =4 Z1t

NTSB= JT610H 2] HIF7|EGAE A2 2= 3]
oo, & 1,790719] TtmlEl7t 69AIZHFE 19
3] vt 71EE] AT AOAAIA 117go] Hzx
2 PgE v JT610HS Z3bel mhAe 778 B]sy
TZIoIqlE. Fig. 9= ARaLB|gY9] H|FH|olElE ZARE
Ao}, IITE AR Air/Ground, Master Caution,
A/P CAPT, A/P FO, Stick Shaker Active ZHI1E
Uebdth /95 ACAAIA Zhs B |3 AERE

Table 2. The accident aircraft information

General
Registration mark PK-LQP
Manufacturer Boeing Company
States of manufacturer USA
Type/model 737-8 (MAX)
Serial number 43000
Year of manufacture 2018
Airworthiness certification 15, Aug., 2018
Time since new 895 hrs 21 mins
Cycles since new 443 cycles

Engine
Manufacturer CFM International
Type/Model LEAP-1B25
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Fig. 9. The significant parameters from the accident flight (Tjahjono, 2019)

oF 21% zlo|7} WSt A& & <= St Air/Ground
Zeart WAREE 23:20:21 o|3HE & Stick
Shaker7} A& 02 S/Jo1=] it} ACAKIA = HIY
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= 0 WS 5HA 27] wiEeltHGracey, 1958).
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Slolm ouf e MCAS7F €3kt MCAS 7|
7 88l “Trim Automatic™ #ko] o= x| LAJst
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2.4.4 AOA =YX &1 7|

B73771%9] AOAAIAE HuFaEA] 2/9- 2=

oIr

o] 9lod, AlA A% ADIRUZ AA H|PFA AR
HZ HgHErh. ADIRUE 713} £71%<] PFDol A
A=H, /95 AOA ZJo]7} 10%= o, 1027+ FA
= 4L Fig. 103} o] “AOA DISAGREE™ 71
AAE FASH.

S, PFDOJE= Fig. 113} o] AOA A|Al7]50] 9
o, YL o] 755 SFHOE FIA} Adoles
51901, AT EQo] 1E o4 “AOA DISAGREE’
7L 7]5°] AOAAIAA &4l 23|t FAA=
20179 o] AME RISk, A2} 20208 3827
7] AZEQ0] JHo|ES ARS|2 =] 9]
AUHJohnston, 2019). zfol2ofoie} ofgjQujo} 3¢

2 AOA AAAE FHe= AgshA] etal, 23

Fig. 10. AOA disagree message on the PFD
(Tjahjono, 2019)
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Angle of Attack

indicator

Fig. 11. Optional AOA indicator on PFD
(Tjahjono, 2019)

o= “AOA DISAGREE™ A1l 7]50] B|gA oA
EgofollA] tretegich

2.45 ACAMIM x| & ZH|1-

JT610%H9] 12} AR2L Q12 AOAAIA ZHA19] 1%
ot} NTSB= AOAAIA 1A| 3g3t 2] S =
ARgIEE. ACOAAIA 1A IS @ o, HiojojAzt
= ACAMIANE 714 A2t & Aj9dgh 23} Fig. 12
9} Zro] “AOA SENSR INVALID*7} AXA|&j= AL &
I}, SHATE AFAL7]9] 9 A 7]E0] §lo] 4
HALS] I of 7 Bl BYlst Zlog A2S YT

2.4.6 AOAMIN =2

AL A WAIFE AOAAIAE Xira AerospaceAtol]
A 25t AlEo|th. NTSBE 819 8] ¢ W
A L ARG e ARTPEE CMM 34-12-
34 Rev.8 Component Maintenance Manual &}

Test Process Left AOA vane Position

SMYD Indication

The AOA sensor vane in
line with the alignment
pin (0° + 5%)

The AOA sensor vane at
maximum upper stop
(100° + 5°)

The AOA sensor vane at
maximum lower stop (-
100° + 59)

Fig. 12. AOA sensor installation test result

= Algstaint. o] Al AAAFAY, HQl =HE
GAIY, o8 ARAIY, HJE e AP I3
AatAo] W= APAH| = North Atlantic 8810A
APIE ARESHE, 563t 52 7 BHIZE AJFo]
7Fsstth. NTSCe 2| gAI9 oA ejade AR
1, 7|&A+= SRI-201BHH|E ARE3S] Relative Mode
2 A sEAYE Relative ModeollAl= AOA 4F
o W9 SA9 7hsskal, HiojojA 1A ERlo] &
7Fs3itt. Fig. 132 7 gH]9] B/J2= SRI-201B9]
= AA7F Relative/Absolute TE A8] A9

olct.

2.47 MCAS & FHA Zit

337 QFHA H7h= FAR 25.1309-1 A|AEEA
9 SHRANE S5t (Jeff, 1997), A7Iole= AE
A8 g o] EE E45H= FHA(Function Hazard
Assessment), AIAE] 1] gt A BAIARIS] 7]
T} A5 ARE-2 BEA51= PSSA(Preliminary System
Safety Assessment), A4 @ & ZIE HrsHo]

= AHQTFARYE FRISk= SSA(System Safety
Assessment) W82 S HWilkinson, 1998). EY
2 FHA #H¥oJlA “Uncommanded MCAS activation”
FE2 Adstal, o] =9 ALEE Hazardous
E+ CatastrophicC @ EH5HA] &Il Major® &5
S}t Magdi, 2019). ©]24 FMEA (Failure Mode

18

:

i
*

Fig. 14. Coil exposed after end cap removal
and broken wire tensile failure on coil end
(Tjahjono, 2019)
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7+ kA QIlkth TS 2FAPE QA MCASS
3% oOUE & 4 Ukl 7HE3] wiZe] REEAQ
MCAS 25 %2 1efstA] ekt

2.4.8 AOAMIM 1% 2ol

ol)

NTSB= AOAAIA 9] A2l 17 A9lE sl
Wds] ffsf sLet AlEes 2E=HekAH(thermal
cycling testre TSI A oA 2lEH =
B o] Fig. 149 o] #old Zg A8t ¢
Al 24 23, d=F dAAe] I8 Aa= 16-20
ppm/TQ wHd, 33k ddAe] IBF As=
65ppm/TE °F 38 ol Apol7} v, g3 A+
Zo|2 Q3| ¥HEAQl 2Bt ARfollA AOAAIAC]
I 7hs/dE FERIEAH:

2.5 ALDRIQI U SAER

JT610H 37| AFAL=RE B737MAXS] H|3A[]
A 2EVGA Tl A 9] AR @91 oAl 7IR=2 AE
o 4= Qirt

AR, A 9 Q15 gl et 2FA] e
Pl digh 71go] gHtEA] ittt 2FAR= WA
3% Yol MCASE & &= itk 7Hg3lou, A4 4
o= 2FAPF MCAS T4E 45l tiAs o=
Uiz FESE Alto] FFoiA|A] Adopth B, AEH 7t

of gJsf AIAR P/ B4 17go4 “Hazardous”

s
o
2 FREClF € I5E "Major” 2 £/ IS

naserch AR, MCASE 22d 7hdu 9aA
BHog l8) Ztzte] HlgAolERE } B AOAA

Mg AHSSHEE AT =N T A4 9] Q57 F
okt AJA”IA F2E 7RI ST WA, “AOA
DISAGREE™ A1l 7]50] S/W F+&d 272 A|Q|%of
ZZAZE AOAAIA 1S e S8 JHE AT
314 9kkth ThAlA, MCAS 7159 $8%7) Auk]
o= A wriEo] XFA 71 HE T, WiRY,
Z2FY o] F85| o|FAA] ATt
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