AIRCRAFT ACCIDENT REPORT SI 05/15

Air Accident Investigation Bureau
Ministry of Transport, Malaysia

Final Report on the Serious Incident involving
Fixed wing aircraft ATR72-600 Registration 9IM-LMG
in Penang, Malaysia on 28" May 2015




INTRODUCTION

The Air Accident Investigation Bureau of Malaysia

The Air Accident Investigation Bureau of Malaysia (AAIB) is the air
accidents and serious incidents investigation authority in Malaysia and is
responsible to the Minister of Transport. Its mission is to promote aviation safety
through the conduct of independent and objective investigation into air accidents
and serious incidents.

The AAIB conducts the investigations in accordance with Annex 13 to the
Chicago Convention and Civil Aviation Regulations of Malaysia 2016.

In carrying out the investigations, the AAIB will adhere to ICAO’s stated
objective, which is as follows:

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

Accordingly, it is inappropriate that AAIB reports should be used to assign
fault or blame or determine liability, since neither the investigation nor the
reporting process has been undertaken for that purpose.



AIRCRAFT SERIOUS INCIDENT REPORT SI 05/15

Aircraft Type : ATR72-600

Model : ATR72-212A

Owner : Malindo Air

Nationality : Malaysia

Year of Manufacture : 2013

Aircraft Registration : IM-LMG

Serial Number : 1089

State of Registration : Malaysia

State of Operator : Malaysia

Place and State of : Penang International Airport, Penang,
Occurrence Malaysia

Date and Time of : 28.05.2015  1317hrs (LT)
Occurrence

All times in this report are Local Time (LT) (UTC +8 hours)
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SYNOPSIS

On the 28" May 2015, an ATR72-212A aircraft operated by Malindo Air
bearing registration 9M-LMG with a flight number OD1165 departed out of Penang
International Airport, Penang (PEN) en-route to Sultan Abdul Aziz Shah International
Airport, Subang (SZB).

After take-off from PEN, the aircraft suffered a No. 01 engine fire. Procedures
were carried out by the operating crew and after the procedures completed the aircraft
returned to the airport and landed safely.

1.0 FACTUAL INFORMATION
1.1  History of the flight

On the 28" May 2015 at approximately 1317hrs (LT), an
ATR72-212A aircraft en-route from PEN to SZB with registration
number 9M-LMG bearing flight number OD1165 operated by Malindo
Air suffered an in-flight external engine fire after take-off.

After flap retraction climbing passing approximately 800 feet,
engine fire warning came on EWD. The flight crew carried out all the
required procedures, discharged both fire extinguishers and requested
for air turn back to PEN.

The aircraft safely landed at the airport. At landing it has been
confirmed that there was no fire anymore. There were no passengers
on board and the crew members disembarked safely with no injuries.

1.2 Injuries to persons

Injuries Crew Passengers Others
Fatal Nil Nil Nil
Serious Nil Nil Nil
Minor/None 04 Nil Nil

1.3  Damage to aircraft
Please refer Attachments.
1.4 Other damage

Nil.




1.5 Personal Information

15.1 Captain

Status Commander

Nationality Malaysian

Age 28 Years old

Gender Male

Licence Type CPL/ATPL 4202

Licence Validity Valid until 29" February 2016

Medical Examination February 2016

Aircraft Rating ATR72-600

Certificate of Test 07" July 2015

Instructor Rating Nil

Flying Hours Total hours  : 852:59hrs

Total on type : 4148:45hrs

15.2 Co-pilot

Status Second Officer

Nationality Malaysia

Age 27 Years old

Gender Male

Licence Type CPL 4880

Licence Validity Valid until 30" September 2015

Medical Examination 30" September 2015

Aircraft Rating ATR72-600

Certificate of Test 02"d August 2015

Instructor Rating Nil

Flying Hours Total hours  :457:53hrs

Total on type : 257:53hrs

1.6 Aircraft Information

Aircraft ATR72-600
Owner Malindo Air
Registration IM-LMG

Serial No. 1089

Air Operator Cert. expiry | 31% August 2015
CofA No. M.1573

CofA expiry 29" July 2015
CofR No. M.1810

CofR expiry N/A




1.7

1.8

1.9

1.10

1.11

1.12

1.13

Year of manufacture 2013
Operations Scheduled
Flight Hours 4865
Flight Cycles 5569
Engine type PW127M
Engine Serial No. EDO0673
Engine Total Time 4865

Meteorological Information

The meteorological station reported the wind at 1300hrs (LT) as
200/08kts. The weather was clear and the visibility was 7km at the time
of occurrence.

Aids to navigation

Not applicable.

Communications

Nil.

Aerodrome information

Nil.

Flight Recorders

The aircraft was fitted with L-3 COMM Flight Data Recorder (FDR)
and Cockpit VVoice Recorder (CVR).

Wreckage and impact information

Nil.

Medical and pathological information

Nil.



2.0

1.14

Fire

The aircraft had an in-flight external fire and both fire extinguishers
were discharged. On landing it has been confirmed that fire had
extinguished.

1.15 Survival aspects
Not applicable.

1.16 Tests and research
Please refer attachments.

1.17 Organisational and management information
Nil.

1.18 Additional information
Nil.

1.19 Useful or effective investigation techniques
Not applicable.

ANALYSIS

2.1 Aircraft operated out of SZB to PEN, and the flight was normal until it
landed at PEN.

2.2 After landing in PEN, the Captain reported that the aircraft have radio
failure that requires the aircraft to be grounded in PEN while waiting the
rescue team to arrive and troubleshoot.

2.3 After troubleshooting, nil defect was found and the aircraft ready for
reposition flight back to SZB.

2.4 Not long after take-off from PEN, no. 1 engine fire warning illuminated,
the flight crew carried out all the necessary procedures and turn the aircraft
back to PEN.



3.0

4.0

2.5 There was no injury to crew and passengers on board.

CONCLUSIONS
3.1  Findings

a) The flight crew members were properly licensed, medically fit,
well experienced and adequately rested prior to the flight.

b) The aircraft was airworthy and within the validity of the AOC,
CofA and CofR.

c) Several parts of the right hand engine have been found damaged
by the fire event.

3.2 Probable Cause

The probable cause of the engine fire is due to the fuel leak from No.
3 fuel nozzle manifold ‘B’ nut.

SAFETY RECOMMENDATIONS
(See Quality Notice MARA/QN/ATR72/16/04 dated 12 Feb 2016)

4.1 1t is recommended that the manufacturer to remind customers of the
importance to use the products recommended in the Engine Maintenance
Manual (EMM).

4.2 Itis recommended that the restoration of fuel nozzle for both engines on
one aircraft shall not be performed at the same maintenance visit.

4.3 It is recommended that the engineer in-charge to perform a detailed
inspection of the manifold hoses B-nut to ensure no early sign of corrosion is
observed.

4.4 It is recommended that manifold with sign of corrosion shall be
quarantined and reported to quality Assurance for further investigation.

4.5 It is recommended that the Licensed Engineer shall ensure that only
approved solvent/materials listed in Maintenance Manual are to be used
throughout the maintenance process.



5.0 APPENDICES

Appendix 1: Engine fire preliminary field inspection report

SM-LKG LH Engine Fire Preliminary Fisld Inspscton Report
Update 4/Final: st 03-June-2015

A, Detail of Event

Aircraft Registration : SM-LMG
Engine Serial Mumber : EDO8T3
TSN : 4385 hours
CEM : 5588 cycles
Diate of evant : 28-May-2015

Based on Arcraft Flight and Maintenance Log (AFML) referance A023108 dated 22 May 2015, the
aircraft was enroatsd to 526 on fight 001165, Aircraft was turnsd back and landed at the onigin 1338
(LT} un=vertiul. The discrepancy noted on the logbook was EMG NO 1 FIRE AFTER Ti2. BOTH FIRE
EXTINGUISHER DISCHARGELD'.

AFML Number referances (A023101 - ADZ2108) were reviewed, Work sumrmary was below;

 check was performed by Airod Sdn Bhd between 107 Apil 2015 and 277 May 2015.

AFWL reference AJ2307 dated 28" May 2013, the aircraft degartzd on Malndo flight 0001164, from
SZE ta PEM, pilot reported with defect transponder #1 and #2 inoperative. Ciperafional test carrisd ot
Mo engine #1 relsted defect was regored on OD01184

Malindo has informed that the last fuel nozzle change was performed on 4™ Apnl 2015 by Malindo
dedicsted fusd nozzle tzam. Post fugl nozzle changs, the subject engine has fiswn 42 hours prior the C
check.

E. Field Report snd Observation

n sitz participants were below:
1] Aida Mazliha birti Samingan — Malaysia DCA Asgstancs Director Airsarthiness Sector |email

aida napihadidcs pov my)
2} ARam Abdullah - Malinds Qualty Assurance Manager (amail: aksn & sl sh i im SEndsair oo |
1) Kenneth Makunga - ATR Field Suppoet Rapresentatiee (emailkmakungaifigalseiation.ca)

4} CGhandra Gunawan — FEWLE Customar Managar ¢ Feld Suppor Reprasentative
(efmail.chandra, guiawan e C8)
51 Lim Ches Ching —PAWC Field Suppart Representative (email:chee ching imi@pae ca)

Export Classification: No technical data
Pags 1



1: 28-May-2015

Description

Burn mark obgarved on the aft cowling and
panel on the underwing bax. (LM View)

The rear RH cowl was defaminated.
Observad sign of overheating an the innes

pane,

Sign of burn mark on the engine hamess near
tha fuel nozzle sdapter 23 and 24

Export Classification: No technical data

Page 2



Description

Fusl Nozzle No. 3

Stap 1° Nerogan keak chack at 150 pat and
Snoop leak detector applied.

Rasuk:

Al fuel nozzle connactions (except fuel nozzle
na. 3) o the primary and sacondary fuel
mandolds were verdied and no bubbles were
obeerved

Fuel nozzie no. 3 found with bubble leak at
secondary manitoid

Stap 2: Torgue check using lorgue wrench
PWC45200

Basui

Found the B-nut abile 10 turn mare than 120
degree withaut miuch resistance.

B-Nut was shearad

Bt completely sheared

(

Y

Fusl Nozzle No. 3 Step 3 Review of presious photo prior ta tarque
chack
Resuk:

Found the B-Nut was already cracked

Export Classification: No technical data
Page 3



Photo Description
Secondary manifold connected to fusl nozzie no. 3

Secondary manifoki attached to fuel nozzle no
3, shawn with B-nut sheared.

Phata taken, after secandary marifold was
removed at 02-June-15

Inspest fuel nozzie #3 threads

Result:
Theeads are clean

Export Classification: No technical data
Page 4



20 02-June-2015
Engine alr=ady removed and placed at working stand.
Prior engine removal, torgque 523l already sppolied &t fuel nozzle B-nuts connection at 29-May-2015,
approx. & pm.
Ar 02-Jun=-2015, 04:00 engine remaval completed. Torque dial indicator iz also available on-site.

Personnel on-site:
Alham Abdullah (Manager A, Malinda)
Hazwan Janai (Power plant, Technical Senvices)
Chandra Gunawan {CMFSR, PEVIC)
Kennath Makunga (FSR, ATR)

Phaota Ciescription

Torgue check using lerque wiendh
PVCAS0) (Phase-d torpue wrench)

Easull,
All fued noedes, sxcent fusl nozzle 844 the E-
nut did nod tum further when famue is

Bpplied.

Basul;
Fusal nazzle 84 able ba turm apprax. 45
deprens in tightening dinection,

Mot duing Milrogen leak chieck wilh Snoop
leak detecior at 28-May, na bubbles were
chserved at fuel nozzle #4

Export Classificetion: No technical data
Pags 5
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Photo

Description

Inspect fuel nozzle no. 4 thread and
secondary manifold B-nut thread connacted
to fuel nozzie no. 4

»
Found black substance in the thread area of
the fiax manifold B-nut

Resuk:
Found biack subetance in the thread area of
the fuel nozzle no. 4

With using torque wrench dial-indicator
type, check break-away torque at B-nuts
connection in loosening dirsction.

Result

The result varies from 180 |b. Inch to 220
Ib. inch.

None of fuel nozzles were over torqued.

Check flexible manifolds B-nut thread
with go-and-no-go gauge (FYWC45232)

Result

All threads (except 3t FNZ #3 secondary
port, not possible to check) are able to
engage with go-and-no-go tool smoothly.

Export Classification: No technical data

11
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Photo Description

Inspect 8-nuts threads at fuel manifolds
for anti-seize presence.

Result
Found residual of black substance alke
at the thread area.

Export Classification: No technical data

Page 7
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o

Inspect conical gaskets.

Result

Found conical gasket st manifold #14
with tangs bant.

The rest of conical gaskets at are good.
inciuding conical gasket connected at
fus! nozzle #3.

Fusl nozzie #3, #4, and #5 ports.

Export Classification: No technical data

Page 8
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. Pars Removed for Investigation
The following engine parts were removed and sent for inwvestigation to PEWC Service

Investigation, Canadsa.

1) Fuel Mozzle Mo. 3, PrN: 2078012-04, S/N: DEAAAI00LG

2) Fuel Nozzle Mo. 4, PYN: 20T@012-01, 5/N: DEAAAZZDSZ

3) Secondary Manifold Left, /N 3059765-01, 5/M: 07518473-01
4} Secondsry Manifold Right, PYN: 3058784-01, S/N: 07400065-01
5} Prmary Manifald, P/N: 30587853-01, S/M: 07557710-01

D Swummary
Thi=s field report does not constitute nor replace the emgine investigation which will be

performed by PEWC Service Investigation.
The investigation report released by PENC Senvice Investigetion shall be the official and the
finzl investigation report.

Baszed on the hardware witness on-site, the following findings were chsarved:

1. Fuel nozzle no. 3 found with leak during nitrogen lesk check. Further inspection found
with B-nut cracked and subsequently sheared during torgue check.

2. Fuel nozzle no. 4 found with loose B-nut. During nitregen lesk check, no bubbles wers
obsemved.
Maote: there are two steps of leak check in accordance with EMM. Step 1 is nitrogen leak
check with leak defecior; Step 2 is by running the engine at high power (E0% torque) fior
2 minutes. This two steps leak check is an integral part of leak check to be performed
post fuel nozzle installstion.
Cruring this field chservation, only Step 1 (nitrogen leak check) was performed.

Export Classification: No technical data
Pags 8
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E. Chronology and Progress Repart

Draite Description Remarks

28-May Dia%a of she ewant
Malindo Team, ATR and FSR arived on-sibe

25-May Field rapart and chsendation staned
OCA Makaysia arrved an-site

A0-May ATR requires engine io drop for DT access.
PEWC Preliminary field inspection report issued,
To remowe fiex mandoids and FNZ #3 for inve st gation

10-May Malindo QA advsed 1o hold engine warks, pending far DCA
Malaysia go-anhead
In evanng, verbal Inde ablainad 1o continua

M=dursr | ATR Specialist arived on-site and prelimnary inspect the enginse
and siframe. Enging removal for access was requesied for batbar
Booess 1o aiframe
Engine remaval completion expecied & 02-June-15

{12 Enpire remaval completed at 08-June, approe. 04 am
Engine located at working stand
Torque gauge disl ndicaior I8 avellabla

O3-Jursr | Enpine field repor and observatian completed, accompanied by
Malindoe Managar Q1A
Flexible manifolds remowed (primary, secandary left, and
sepondary nght)
Fual rozzle 83 ramowved
Fual nozzle 84 ramowad
Peanding shipment o PEWE Service Investigation Canada.

TBA

Hote:

Chronology and Progress Report will be camied forward separately from this report.

Prepared by,

Chandra Gunawan and Lim Ches Ching
Pratt & Whitney Cansada

Drate:

28-hM=y-2015, Penang Malaysia

(first report issuance)

03-June-2015. Penang Malaysia (this repart)

Export Classification: No technical data

15
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Appendix 2: Certificate of Registration

LM 2401 49| e
MALAYSIA Nombsor Parakues
JABATAN PENERBANGAN AVAM Cambcate Murdor
DEPARTMENT OF CIVIL AVIATION M.1810

PERAKUAN PENDAFTARAN KAPALUDARA
CERTIFICATE OF REGISTRATION OF AIRCRAFT

Ki;n;um Dan Tanda | Pambuat dan Nama Sebetan Kapaludara Nomber Sirl
Pendafaran Manuciwer and Mavufacfurer s Deagnann of A Kapaludara
Nwbonatvy x”mtm Afreralt Senw' Mumber
ATR - GIE Avions de Transport Realonal
9M"|_-MG = ATR 72212 A 1089
Nama dan Atamsat
Name and Address of Cwner's)
PHOENIX AVIATION 18 LIMITED
PO, BOX 1093, QUEENSGATE HOUSE
GRAND CAYMAN, KY1-1102
CAYMAN ISLANDS

Nama dan Alamat PanywwnlPeacarter

Moo and Addrass of oChaems Do AYS SON,
B B
47301 PETALING JAYA

L EH!

Adolsh dengan inl diperakul bahawe kapakcara yang ciperhaikon di otas sdah dimecukkes daam Daftar
Kapoudom menunt Koewensyen Penertangan Awam Anlambangsa berarkh 7 Disamiae 19494, dan Akt
Panwbangan Awam 1908 don peraturan-peraturan yang dkeluarkan & himabnya

»umwmumwnuomdomwmnmamauy--maonunm.mmm-em
with #w Comvevaion on Mfermanional Gl Aviation doled 7 Decomder 1044, and mith Ihe Cht) Awiation Actiim

g tions tseved theveundey. o
Tarikh dikeluarkan SUNANNA ABU HASSAN U
Oafe of lsswe 3-Mar-2014 w Peogarah Fonurﬁmunn

) .vavm Gussorw of Cird) Avish
Catitan
Romarks

CERTIFICATE ISSUED PURSUANT TO CAR 1996, REGULATION 4(4)
| AIRCRAFT LEASE EXPIRES ON 32 MARCH 2034

NOTA

NOTES

1) Thodo Gpa-ope jua lean whiu callen bowh dbust dadam persbuasn b bescaal oish Jabalon Ponedsargan Awarm
NO enies ov asdonemen’s ey be oo M MV conBoats wesep! by Oagardmand of Ol Avaion

H Parsdatiarms 3t bolah dpirdshian

R 0o &

L —
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Appendix 3: Certificate of Airworthiness

P A - P U
Nambor Porakumn
Gk MALAYSIA Carticade Mamber
JABATAN PENERBANGAN AWAM M.1573
INPASTMENT OF COML AVATION —r——
PERAKUAN KESELAMATAN TERBANG
CERTIFICATE OF AIRWORTHINESS
Kenegarsan Dan Tands Pembual dan Momu Setnrian Kapaludsen Mambor Sin
Peodafinan Martoc iy and fdanutsciwe s Dosivaition of Aot Kapabudors
9M LMG ATR ~ GIE Avions de Transport Regional 1089
g ATR 72-212 A
Calegovy TRANSPORT (PASSENGER)
Peeghunm Keawkmutse Tectang ini divrbarkan menmna K Panart:angan Awam Ania s birtarikh

7 Disember 1844, dan Akla Penarbangan Amam 1965 dan pnnum-pomlumn yang dksharkan di basuhiys,
uniuk kapalodars yang %esebul di alas yang didagall layak untuk terbang ko dsonggaral dan dkondaiisan
menuru! perahran-peraturan yaog tarasbol, dan bad-haud pensbangse ying bersabil. Manual Pansrhangan
yarg diuluskan olah Jabatan Fenerbangan Awam adafah merupakan sebahagan darpads Pecakuon i,

s Cavtifcate of Arworthiness & o ot do the € tlon an fderneionn! Cirll Avsilian deded 7
Oocamber 1944, wwmmmmmnr lmwmnanszwmw mmooctofm«owo-
meatiored averwfl, wineh & consdamd fo be avwertiy if mavtained and Mmmm

foregoing reguistions and the peviined aperafing (vtanans, A Fight A ) { by e Dy
Cind Aviation fanms part of Wvs Cartficato,

B I (s u:&:;

Cole of isaw M?Kolu- Mwnh

dowm

Calstan
Anmavks REPLACEMENT OF CERTIFICATE I8SUED ON 02 AUGLIST 2043,

Perakaan inl adakah san bagl fempoh yang diturjukkan o bawah ini | 5 Tarctalangan dun Tarikh
This Cotificate s vald far fhe pasnodfs) shown befow | Sgnature and fate
Mulal do : Hirgga : ———
From . 241 Jul2014 m / 29(Juli2015 } vy
Mulka m : Hm
Frov ¢
Mulsi davi Hrwﬁ 2
From : Te !
Mulsi dari Hirgga
Molmdei:  Higoe PRASTRR
y To - |
Tiada apa-apo e Mbsan Mau catian baokeh dbsot dalam Presioion o olah Fowam,

mmammmmmmo«mmwwwwwnmm

T30 -V AL
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Appendix 4: Air Operator Certificate

AIR OPERATOR CERTIFICATE

1—

AOCNO. 47

Expiry Date
31-08-2016

CERITYICATION
J beredy cerngy thax S by
o e cugr of e
AC Na &
uened ot FOTRALIYA
(L S A
b
af Conll Aniamicon
g o PLTRAANA ow
0742005 \

e

MALAYSIA

JABATAN PENERBANGAN AWAM
DEPARTMENT OF CIVIL AVIATION

peA=

OPERATOR NAME

MALINDO AIRWAYS
SDN. BHD.

LIS W
onmpay Na )

Dba:
MALINDO AIR

MALINDO AIRWAYS SDN. BHD.
C-5-05, BLOCK C, OASIS ARA DAMANSARA,
NO. 2, JALAN PIU LA/TA, ARA DAMANSARA,

47301 PETALING JAYA,
SELANGOR.

TELEPRONE o D3 2008 66
FAX o6 03 JOGS 6648
EMAILL A bt stnad ndosr o

OPERATIONAI
POINTS OF
CONTACT:

Coatadt dosibs & wheh

aperniond DeagTeen

can e covmassad v thoan

undee delay, are ived o

MALINDO AIR
OPERATIONS
MANUAL Part A
Chapeer 1.2.3

POINTS OF
CONTACT:

CAFT. AMAIN HAXTTN
| Drccior of Flight Operston |

TELEMIONE

HR0) 7 388| 3M

This certificate certifies tha

MALINDO AIRWAYS SDN. BHD,

is authorised 1o perfoem comenercial ax operations under Regulation 24 of the Givil Aviation Regulations 199%
anidl 28 defined in the atachad operations specifications, In accordance with the Operation Manual

Date of 1ssue:

07-09-2015

Signature !

Name
Tile IXrecsr Gegeral

Depanawrx

18

d«'
-
Rsttsttlectom, BN
pater st I AUHARUDOIN B ABDUL RAHMAN
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Appendix 5: Lion Air B-Nut Presentation

Lion Air Group
Flexible Manifold B-nut

August 25t 2015

INNOVATION

EXPORT CLASSIFICATION

Classification

1. Canadian ECL{s}:
2. ECCN(s):

3. P-ECCN(s): 9E991
4. USML {ITAR):
5. P-USML:

PROPRIETARY NOTICE

This document is the property of Pratt & Whitney Canada Corp. ("P&WC"). You may not possess, use,
copy or disclose this document or any information in it, for any purpose, including without limitation to
design, manufacture, or repair parts, or obtain TCCA, FAA, or other government approval to do so,
without P&WC's express written permission. Neither receipt nor possession of this document alone, from
any source, constitutes such permission. Possession, use, copying or disclosure by anyone without
P&WC's express written permission is not authorized and may result in criminal or civil liability.

DISCLAIMER

This document is used for presentation only and it is extracted from Field Report.

This document does not constitute nor replace P&WC Investigation Report, which will be conducted by
P&W Service Investigation.

Export Classification: P-ECCN: SE551 PEWC Proprietary Information For Planning Purposes Only 2
EE . o |
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Reported cracked B-nut events

Review of investigation results

Identification of source for hydrogen embrittlement
Test performed

Fleet review

Summary & recommendations

Export Classification: P-ECCN: SE991 P&WC Proprietary Information For Planning Purposes Only 3
EE @O = & | ]

CRACKED B-NUT - 3 CASES REPORTED

Malindo (ED0673) Wings Air (ED0613)
In Laboratory

In Field

~ 3 > {
Event: Engine Fire / Fuel Leak Event: Crack observed during maintenance Same manifold
Operator : Malindo, Msn 1089 Operator: Wings Air, Msn 1067 Crack in lab. After 3 days
FN position: #3 FN position: #11 Operator: Wings Air
Event Date: 28 May 2015 Event Date: 26 Feb 2015 22 June 2015 — Torqued at 2x EMM
Last FN change: 4 April 2015 Last FN change: 26 Feb 2015 25 June 2015 — cracked observed
PW127M / ED0673, TTSN: 4,865hrs PW127M / ED0613, TTSN: 5,103hrs
Engine production: Jan 2013 Engine production: Sep 2012

Note:  Manifold transferred to ED0564 for
repair during engine shop visit

Hydrogen embrittlement confirmed on the 3 B-nuts (2 engines)

Export Classification: P-ECCN: 9E991 P&WC Proprietary Information For Planning Purposes Only 4
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WI2777.5

.. »//

Malindo ED0673 (Engine Fire) Wings Air ED0613 (In Field)

g ~\

Reddish corrosion products Hydrogen embrittlement
Suggesting a crack was present (dimple caused by hydrogen
for some time in service pressurising grain)

Hydrogen embrittiement
(dimple caused by hydroge
pressurising grain)

Magnified view of the brittle intergranular fracture T fitting general condition (opposite side)
Export Classification: P-ECCN: 9E991 P&W(C Proprietary Information For Planning Purposes Only 6
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LAB RESULTS - ED0613 - CRACKED IN LAB

Laboratory analysis was performed on ED0613 manifold in order to duplicate the
failure. Higher torque (twice the one recommended in EMM) was applied to

manifold and crack was observed few days after application.

Corrosion
Products in thrust
Wire recess

Presence of reddish corrosion products
suggesting crack present prior torque test

Higher corrosion level inside, suggesting corrosion progressed from inside out

Surface corrosion

all T fittings on this
manifold

consistent with hydrogen embrittlement

Condition is typical for

Typical “fisheyes”

Fracture surface near external edge
Absence of corrosion products on this

June 22 — Installation (2X recommended Tq)
June 23 — No crack

June 24 — Holiday (no inspection)

June 25 — Crack observed

Export Classification: P-ECCN: 9E991

P&WC recommended immediate removal of other 2 manifolds on engine ED0613

ﬁ Pratt & Whitney Canada

P&W(C Proprietary Information

Identification of source for
hydrogen embrittlement

SUPPORT i INNOVATION

22
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FISHBONE — HYDROGEN EMBRITTLEMENT

Quality

Raw Material

‘ Manufacturing ‘

| Equipment

Location

‘ Repairs ‘

Process

Other Customers
Operating Environment

Fleet Level

Export Classification: P-ECCN: 3E%51

Fleet Experience

Over Torguing =3

¢ Mo repairs
performed
Consumables
B-nut crack
due to H.E.

Contact with acidic

€ or H.E prone
solution
Field
PEWC Propristary Information For Planning Purposes Only g
| | EEE—— ]

SUPPLY CHAIN REVIEW

Supplier process/quality review

Modification to
" : : : QN
Location Equipment Process Inspection Consumables (Mat! defect)
IManifold Assembly N N Y N N N
B-MNut Manufacturing N N N N N N

*Additional pre-torquing task added in 2014
Modifications introduced with the phase 4 fuel nozzle
No consumables used at this operation
Introduced after the manufacturing of ED0613/EDOG73 manifolds
No other changes in the last 10 years

Quality Notifications (QN) reviewed for manifolds and B-nuts
No Q/N’s related to H.E. or material defect
Leak at test, tool mark, damage on hose (porosity, tear, cut)

Export Classification: P-ECCHN: 3E581

PE&WC Proprietary Information For Planning Purpeses Only - 10
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MANIFOLD ASSEMBLY PROCESS

PTFEhoseaMﬁresleeve

are received
The manifold is
‘ ‘manufactured using a
dedmted assembly ﬁxture

Machined items including
nuts are delivered in kit

me PTFE hose and the
internal dlameterofthe
PTFE hom: Xp!

Export Classification: P-ECCN: SE991 P&WC Proprietary Information For Planning Purposes Only 11

MANIFOLD ASSEMBLY PROCESS
.

The appropnaie
machined fitting is then
fully inserted into the
PTFE hose and the

‘Each ferrule is then
swaged mmdually No
liquids are used dunng

the swaging process.

.

Each 'swaged joint is ihen
checked using the

appropriate go/no go De-mineralised water

gauge.

Export Classification: P-ECCN: 9E991 PE&WC Proprietary Information For Planning Purposes Only 12
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MANIFOLD ASSEMBLY PROCESS

. 4

The assembly is part
marked using a Stainless
Steel tag and the dot
peen marking process.
No adhesives or liquids
are used to secure the

tag.

4

The nut and thrust wires
are fitted as the last
operation to the manifold.

4

The manifold is final
inspected in a dedicated
inspection area on the
manifold assembly line.

Export Classification: P-ECCN: 9E991

P&WC Proprietary Information
-

Final cleaning of the manifold to CPW152 is
completed using a cleaning rig. Isopar K is used
as the cleaning fluid. The cleaning media passes

through the internal bores of the manifold.

External surfaces may come into contact with

small amounts of isopar K fluid. Once the
cleaning processes is complete the manifold is
immediately sealed in a protective sleeve.

Manifolds are stored in
sealed clear protective
sleeve prior to the DQCR
and Dispatch process.

B-NUT MANUFACTURING PROCESS

Nuts (800000578-06) are machined
complete on a citizen sliding head M32
machine. The nuts are manufactured in

Excelcut 429 cutting oil.

The trays are then loaded into a cleaning

machine where the parts are cleaned &
degreased using Triklone LE

{Trichloroethylene)

Parts are then passed to the inspection

department (still in the cleaning trays). After
inspection the parts are moved to the stores
(still in the trays) where they are packed in

Netlon (nylon mesh sleeving)

|

dry film lubricant applied

}_

Prior to the nut being returned to
Teknequip the parts are again
degreased using Trichloroethylene.

For Planning Purposes Only 13

Parts are once again inspected before
being stored on a finished goods rack.

v

Moeller Lockring / Sleeve install
using a press

w

Following the installation of the
Moeller components, the parts are
torqued twice (per recent EC) and then
again inspected prior to being placed
into kit boxes for delivery to Marston.

For Planning Purpozes Only 14

PEWC Proprietary Information

Export Classification: P-ECCN: SE9%1
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PRODUCTS USED DURING

MANUFACTURING OF MANIFOLDS

List of products used during manifold manufacturing/assembly

Product Mame Product Type Details B-Nut |Manifold |Source for H.E
Excelcut429  |Cutting oil recommended for stainless | Uniikely
steel manufacturing
Tridone LE  [Trichiorosthylene Vapor degreaser X No
hly volatile
P-30 Rubber lubricant Alkaline (Ph 8.4) X Mo
De-mineralized water X Mo
Isopar K Hydroireated naphita Petroleum solvent (Varsol) X Mo

Same products/process used for over 10 years
Owver 1,606 new engines produced (Over 47,000 nuts)

Excelcut 429

Chemical composition not fully known (proprietary)
Ower 10 years of usage at B-nut machining

P&WC will be conducting tests on Excelcut 429

Export Classification: P-ECCHN: 9E591 PEWC Proprietary Information For Planning Purposes Only - 15
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B-NUT PRODUCTION REVIEW

2 nuts from 1 nut from
EDO0613 ED0B73

Lot No. 20250 Lot No. 20602

{1125 nuts) (1092 nuts)

v
Raw Material
batch
20602 NEEILEL 21032 21215 || 21392 21393 |
1081 nuts 1021 nuts 807 nuts 357 nuts 1092 nuis 299 nuts 1090 nuts 1266 nuts 1106 nuts 521 nuts
=31 =22 42
sets sets sefs
| |
Mar 2012 II Aug 2012 MNow 2012 } B-nut Production Period May 2013 »
T
3,621 B-nuts

=139 engine sets (=0_7M hours)

T
11,005 B-nuts
=423 engine sets (>2.4M hours)

Export Classification: P-ECCN: SE551 PEWC Proprietary Information For Planning Purpozes Only 45
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REPAIR & OVERHAUL

Minor repair per EMM, 72-01-00
Limited to fire retardant protection
Manifolds did not receive this repair

Major repair

Proprietary repair to HS-Marston
No cracked B-nut were received for repair

Last 12 Months Last 5 Years Last 9 Years
3059764-01 (7) 58 232 235
3059765-01 (8) 21 201 206
3059766-01 (11) 76 389 594
Total: 155 822 1035

Only B-nut crack known case is the manifold received from Lion Group

Export Classification: P-ECCN: 9E991
[ S B

P&WC Proprietary Information
B

For Planning Purposes Only 17
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Fleet Review

ﬁ Pratt & Whitney Canada

SUPPORT INNOVATION
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FLEET INSPECTION FOR CORROSION PITS

|>ED0300 |>ED0375 [>ED0450 |~ED0525 |>EDO0600 [>ED0675 [-ED0750 |-EDO0825 |>ED0S00 [>ED0S75 |>ED01050
All |<=ED0300|<=ED0375|<=ED0450 | <=ED0525 <=ED06003<=EDOE75§<=EDO750 <=EDDSZS‘<=EDOBUO}<=ED(}975‘<=EDO1050\<Z=EDO1125

|LionAir Group | I - . . - . . . ) .
| Excluded | 16| 0 N g o 3 0 o 0 0 4 10 2.
NoComosion | 53 | 7 1 3 1 3 3 g 7 g 10 0 0
Corrosion 41 ) 7 4 4 7 8 2 1 1 0 0 0
fAL__ o[ w6 | 8 | 7 5[40 | o [ 1 [ 8 | 0 [ @ [ 7w 2
[ Ratio (comosion)| 44% | 50% | 8% | 57% | 0% | 0% | 6r% % | % | 0% | 0% =
|World Wide Flest | | | | | | | | | | | |
NoComosion | 63 | 28 | | | 1 5 | 14 | 6 | 1 | 3 ] 5 | 1

World Wide Fleet inspection
9 operators
63 engines inspected
No report of corrosion pits

Typical condition of manifolds inspected at other operatbrs

Applying the Lion Air Group ratio to other operators would result in 27 engines

Export Classification: P-ECCN: 9E991 P&WC Proprietary Information For Planning Purposes Only 18
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FLEXIBLE MANIFOLDS DESIGN AND IN-SERVICE

EXPERIENCE
Design

B-nut design within existing PEWC design experience

Fleld Expenence F::n:l_a'l.lamra; :nm‘-bas-.-&ﬁ'_'h‘j‘; -iz:e:axns
PW127 with Flexible (Nov 1999)
Engine produced with flexible manifolds 1,740
Total Fleet hours Over 15M
Fleet leader engine 35,500hrs
Estimated No. of FN change Over 15,000
Other Models
Model Qty Produced Fleet hours (M)
PW150A 1141 125
PW901 924 312
PW980 224 7
Export Classification: P-ECCN: SE551 PEWC Propristary Information For Planning Purposss Only 29
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£ Prtt & Whitney Canada Test Performed

INNOVATION

TORQUE TEST - PERFORMED AT P&WC

Thrust wire
“extruded” at
780 Ib-in

Tests performed to validate design margin

B-nut inspected per FPI. No crack found

B-nut edges
rounded

& 6

Nut & Crowfoot condition after 1320 Ib-in | | Cracked B-nut reported by Lion Air |

EMM torque limit: 250-270 |b-in

Unable to replicate observed failure mechanism, overtorque ruled out

Export Classification: P-ECCN: 9E991 P&W(C Proprietary Information For Planning Purposes Only 22
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REVIEWS AT MALINDO & LION AIR

Fuel Nozzle Process Review performed on June 18 and 19

Questions raised during process review:
Use of a Cee Bee product
Use of Electrical Contact Cleaner (CRC, C&C) to “cool down” the nuts before FNZ change
Leak detector check with local solution instead of recommended product

Cee Bee products and Hand soap returned to MTL for Lab analysis on (on-going)
No cracks observed to date
P&WC Material specialist confirmed products would not cause Hydrogen Embrittlement
C & C cleaner analyzed in Indonesia lab
Lab results indicates many chemicals containing hydrogen

Unclear if chemicals can contribute to Hydrogen Embrittlement

High level of variability for mix of products, concentration and temperature

Export Classification: P-ECCN: 9E991 PEWC Proprietary Information For Planning Purposes Only - 23

P&WC EXPERIENCE

. Pratt & Whitney

D e ] SILNO FTOA 24

SERVICE INFORMATION LETTER

Mirachem 250 on PT6A engine
Used during maintenance
N ™ Causing hydrogen embrittlement

Appilicability Al F10A Lage Engres
Refererce NA

Ths Service Ivdommanon | efiey (SR ) 5 ssued 55 P0mm 3 Speraions 300 Marfenance < vivge
R e e e IO Product advertised as non acidic and
1635 revessed (hal 3 Covlam repas servioe rowder used Dy 3 Castomes was usng Maceen .

250, WIHCT 15 10t Called Lp I e PRV et e i fact ff t I t Ib
e e e e e o safe for stainless steel by

NOZZes Grd Ups. ) Crder 10 prevent dny possbie damage 10 B fusd folle Sps. Such

PAKTICE MUS De GSCONDNUSE. 1n The fanin ane. o CBer SCYON 16 FeQured e han manufacturer

PAWC'S PEOmMendanen INat operators o Tws repar wggier s not use Maachem 2%)
OF 7y Olher pROGUCS Nt SpeCBcy detred 1 T PAWC Marderance Man

Adtonally, Kr P15 engioes equipped wilh Duphes how fuef facse 1pn, we semind opetion
you that £ B 0ot an acosplable pracios 1 semowe ad se el st nOZSE TPS WO

e Review of MSDS presence of
1 Of Aty FIITTOton. please Coreac yous el FEWE | et Sgppnn Hgseseratve of the A .
B e e 1 o 1 A Ve phosphoric acid up to 10%
1_:9:“\
of B o
SESA vl
Dok Wit Sk “.;.;jj

Pastak Beron-Laporee
Customer Service

TIES Servico IMonmation Lemer s vl unts superseded o Cancoled by revivion

LATORY CONTXOL CLAVWIK ATION (b st e o s s e — ‘EJ
S ey
Export Classification: P-ECCN: 9E981 P&WC Proprietary Information For Planning Purposes Only 24
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TESTING OF PRODUCTS

P&WC received 3 products
2 B-nuts exposed to each product
B-nut torqued at 600 Ibs-in
Test initiated on July 22nd
No B-nut cracked

280/ Torque at

Test procedure formalized

Further tests to be conducted on
Mirachem 250 - In process
Excelcut 429 - Material in procurement
C&C cleaner - Shipping hardware to Indonesia

Hand Soap / Torque at 800 Ibs-in

Export Ciassification: P-ECCN: 9E991 PBWC Proprietary Information For Planning Purposes Only 25
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£ Pratt & Whitaey Canada Recommendations

INNOVATION

31



INVESTIGATION SUMMARY

; B-nut crack

[Other Gustomers >, R debne
sl __
h
Fleld

or H.E prone
solution

Challenges
Source of Hydrogen Embrittlement (H.E.) not identified
No methods available to segregate manifold affected to H.E.
No repair possible for parts affected by H.E.
H_E. causes sudden failure of parts when under stress

Export Classification: P-ECCN: 9E3%1 P&WC Proprietary Information For Planning Furposes Only 27

RISK ASSESSMENT / PRIORITY

Total Future Corrosion Nut Cracking Events Priol‘ity levels

Per risk assessment

At aircraft level

Following SI 71-2015 results

\

kil bonmal Evenis Fasna e ptosd

Sl P&WC recommendations
Follow EMM instructions
s - - . = p - Perform SI 71-2015
= @ F = 2 & 3 & Replace manifolds potentially exposed to H.E.
— e gar e Tl = fuwk — A Rk Tafwk
Current status
9 engines upgraded Priarity U
pgraded
16 engines considered not exposed m-
41 engines with corrosion signs of comosion Replacs ons sngine 52t within 100FH | 18 N
g |MCwithone engme showing |\ - engine s=t within 200FH 24 1
R . signs of corosion
Assumptlons_ - . 3 |AC w: no enings showing Rplacs by Oct 16th a7 0
Fleet exposure initiated Jul ~14 signs of comosicn
. - . . . Remaining engines + spares | Replace by Mow 30th a7 ]
Fast” population — corrosion on T fittings N.A Enigne wihout any FH change 16
“Slow” population — no corrosion on T fittings
Ratio of 41 “fast” out of 94 total affected As of August 219, 2015
3 B-nut fractured events considered
Export Classification: P-ECCN: 9E991 PE&WC Froprietary Information For Planning Purpozes Only 2
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CONCLUSION

Production/quality issue can be ruled out as a source for B-Nut cracking

Source of contamination / corrosive agent is still undetermined
P&WC and Lion Group are still conducting testing

Replacement of all manifolds potentially exposed by the end of November

Need to coordinate logistics to accelerate rejuvenation
Custom clearance, point of use shipment

P&WC is fully committed to support

Training, assisting maintenance crew, parts and commercial support

Export Classification: P-ECCN: 3E351 PEWC Proprietary Information For Planning Purposes Only 24
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Appendix 6: Pratt & Whitney Service Information Letter

Pratt & Whitney Canada

A Usteo Teehseiopes Congpary
PENC 115M 201513) NRO Information Managemeont (3290)

S.LL NO. PW100-169R 1

SERVICE INFORMATION LETTER

WARNING - PROPIETARY IUSHTS NOTICE
Thea -lbo,.
s d o sy |
parta, or obtsin FAA or oher spproval 1o do 0, without PEWNC'S expe

y of Pratt & Whitsey Canada Com. ("PAWC"). You may not possexs, use, copy or dsciose
mumummmmmu“mum

writien permb Nather

govermment
wmmdmmmmmmmm
or disclo by sy wihout PAWC'S sxpe writien

“ueﬂlm

Subject
Apglicabiliey  PWI100 Engines with flexible fuel nozzle manifolds

Use of non<approved product on PW 100 Flexible Manifold

This Service lsfoesation Letier (SIL") = d w0 provade the sl

wae,
permt ummmmu-uh

PAWC mvestigatod two cancx of flexible sarsfold B-rest scpoctad
cracied (el Figere lLMmmwbylh—Qa-
group and the eview of the cmbnticmere.

7 o

Wuﬁnm“wﬁnw&mm&ﬁ.
& chompex the scx and the cxposcd mctal b battle.
h*mﬁk‘hﬂc_ﬂdkﬁ-ﬂ—ym—q‘&b
c-*q-:nnr.lh- 1 I focl beake. The
by byPtWCM-lPd-ad
propagatng by Gty and suggce 2 vedd

&w—“dpukﬂ‘-ﬁud&'&w(kﬂ

fwx 2) wan slbo ohucrved. It s beliovad that the obncrvad condtion
ed froe ng the 1 uawmmb

-:hhn-:-a.lk pits shomeod 3

1dah

(Ref. Figure | ) that can be more or low viable (Ref. Fg-c!tlulhp-ﬂ*“m_mm-ﬂcbﬂvﬂnw

affoctod by bydeogen cnbrtionot.

This Service Information Letier is valld until superseded or cancelled by revision.

Export Control Claaification
X)) of Applicable

Contaarm 2o Technical Dats (X
Nt Subpect to fac EAR pervsant to 15 CFR 734 Na) 1) or Not Subject 1o the ITAR punasast to 22 0
CFR 12011 (NSR)
Jumdiction and Clamif P e (Werlatee
Phryucal Location of the licm. EAR ITAR

Outade LUS*
* Addeceally, refer o the clasification U.S.
usder the local cxport rogims whene the EWFA(ELL) DFA (CU)
.milﬂd.-pmiﬂinh'd. Caszads =
ISSUED: 063002013 Page 1of 2

REVISED: 060172016
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PRATT & WHITHEY CAMADA
SERVICE INFORMATION LETTER

ELL HO. PW LN [ H9R L

F&WC wam abls o replicatc ibe abores obsorvabions asd e Sistnces by bydeogen ambnitilonent v cxposng the H-ml o a
chionde scid {H1) mintion while the B-sut v ender tonomn losd, FA W sclecied] chlomde soud for the sowts o this sod is
well kenerwm e lbenic hydopen and & v expecied o g
resulls mxpidly.

Herwever, any preduct or sy chemical 3om botween e
I-:'pnhh.hqhﬁt‘u—?hdhhﬁup
hydrogen crobetl crnent kas ned booe Micslificd. The

o an acide product whilks imstalicd on e mgine.

F&WC would liks o remind all cusiomers of the enporiznc: Figare 1 - Corrosien pits {icft B-ant § Right T-Aitting)
0w e prosdects recommended m the Engne Samicnancs

T Ry ST ﬂ::l'.]'.!-ll-l-l:l.Fl'ﬂ.E':E'l'EIH- | e andl Fecl ek L iewisllation and c
F&WC abo c e all precd h-P&WE-dI.H-hEHHﬂI-d-H,&-FEdmlEﬂ.

hlmm-ﬂnﬁiﬂmﬂ:ﬂy—“ﬂhﬁh’wmlhﬂ. Additioral by, & is not
the irnny i of B-puts effeciod by ihis condits l:lq::u:l:lu:l' paramscicrs, soisbly, the

nnl"ﬁ:..- i ke T'h- any i T’:E:-:qn-ﬂhnxlh:

Fﬁ-thﬁdqﬂhh%hﬂhmhm_ﬂﬂ?

Yours, Traly,
PRATT & WHITKEY CANADA CORP

.:T':._- . "'?'"'_ i :IJ Fﬂ )

[raniel Cagnon Vincent Si-Pierme

Cusiomeer Exginesring Marager, Casiomer Engineenng
P 100 Emgime Program FW 14 Engine Program

This: Esarvios Information Lomer & valld untl sopersoedsd of cancalied By revision

FiC o o firmi page.
Tha szort coniml caasificsion mii e o B an i
EEELED: (3020 5 Fage 2of 2

EEVISED: 50120146
PRATT & WHITHIY CARADS CORS.
AL DA, DR DAL
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Appendix 7: Malindo Air Quality Notice

Malindo ga;,
e e findoed: onm
Ref : MAQAONATRT2ME604
Date : 12 February 2016

UALITY NOTICE
TITLE : FUEL NOZZILE RESTORATION OF PW127M (ATR 72-500)
1. INTRODUCTIONBACKGROUND.

11 % was reportad of incident of engine fre invaiving Malindo A PWI27M engines
instaled cn ATR 72.500

1.2 A thorough Twestigation lead by Prast & Whitney Carads team has been parformead
and 85 2 resul of e imvesligstion. it was found that the engne fre was due to fual
mozze B-rut crack (refer appendix).

1.3 conclusion to this finding, it was found that the B-nut cracking was due o
fHydrogen ambntamant. In theory, Riyarogen ambrllkmeant may occur with exisience
of tha following elements:

21 Time

3.2 Matenal Susceptibiny
a3

3.

1
1
1
1.3.4 Source of hydrogen {(acdic productisolson)

1.4 PW127M B-rudt is made from stanless stood (17-4PH ~ hardenad 10 H1075) wiich is
in intermediate range of suscepabiity. With the presence of acidc product onto the
materiad whilst it is undar tensile stress {torgue) has arealed a candition suscaptibks
for hydrogen evnbvittevnevad {refer appendix). Vidth sutficiant Linme for the hydrogen to
react wih the material the matevial than become trittie thus causing It to
cracktreak.

z ACTIONS

From this, Quality Assurance has outhned several mitigaling action to minimeze any
possbiities of maintensncs lapess.

1497 Al task rwvolving removal and instalistion {restoration) of PWI27M toual
nozzie is consdered as cnclal and orticd 1o engine propulsion and
arcraft safety. Thus, & duplicate inspection is required whenever above
task is involved.

142 In addition, restoration of fuel nozzie for both PAWIZTM angines on one
aroraft shall not be performed at the same makdenancs vist

s rsdintoar comm Fooal naBveaineoss cond Tel oW 2000 AR Tar <RS0 2005 BN Ol Darvva « W5 7Re 1 SRAR
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matindo§ air

www ma veedoair.oovs
143 Itis cuckl for the engneer in-charge to perfarm a detaded inspection of
the manifold hoses B-wf 1o ansre no ealy sign of corrosion =
cbserved. A manifald with sign of corosion shall be quamantined and
reponed 1o Qualty Assurance for further investgstion,

144 Ucansed Engnecr shall ensure that only appeoved solventimaterials

isted in Manterancs Manual are o be usad throughout the maimenance
process.

Flease be guided acoordingly. Thiek You

» et o Llon{l Group

C-5-08, fNock G, Oasis Ara Domonsara, 2 Jalan PJU 1A/TA, 47301 Polaling Jaya, Sshangor, Molaysin
s esleionr soen Fomal oteestinadonirconn Telia M A-300a8 Al Fas oN00- 5005 ARG Gl Darmes o LA FRAT KRN
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Malindo gair

wsw. maln daals com

APPENDIX

Image abave shows cne of the findings of B-nut crack

prERsuEeng gran)

Image above shows magnifed view of beiltle iIntergranuiar fracture confiming on Hydrogen
embritthesnant.

A mverer of ticaif) Groep

C-6.05, Block C, Oasnis Ara Damansara, 2 Jalan PJU 1ATA, 47301 Petaing Jaya, Selangor, Malaysia

wern sedaiodi At Fooad ofofiosstioaond i 2l SEAROE- 2000 ARE  Faw o MR- 20A8 AR Ol Santon o 00788 S5
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