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YoPapo6 coppav agpookapovg SX-1FR
otV nteproynq Apvydsoremve Kapdrog

™v 2" Maptiov 2017.

H Awepedvinon tov cofapod cvopfavrog orevepynOnke andé tnv Emrponi
Agpevvnong Atvmpatov ko Acpairelag IItnosmv, cOppova, pe:

e To llapaptnpa 13 g Zoppaocng tov Xikayo

e Tov Evponaiké Kavoviopd 996/2010
e Tov Nopo 2912/2001

“Xoupaova ue to Hopaptnuo 13 e Loufaons yia t Aicbvy Tolitikn Aepomopia,
tov Koavoviouo (EE) 996/2010 kou tov N. 2912/2001, n dipevvyon aepomopikdrv
OTOYNUATOV KOl GOUPAVTWV OV EYEL OKOTO GTHV OT0000H DIOITIOTHTOS 1 €08vvnS. O
LOVAOIKOS OKOTOGS THGS OIEPEDVNONGS KO TOV TOPIGUATOS EIVOL 1] TPOANYH TWV ATUYHUATWOV
Ka1 copufavamv.

Kata ovvéreia, 1 ypnon oavtod tov Topiouatog yLo. 0To100NTOTE GALO0 GKOTO EKTOS OTTO
Y TPOANYH TV ATOYNUATOV 0T0 WEALOV Ba umopovae va oonynoel oe AavOaouéves
epunveieg.”

H Emtpom) Agpeovnong Atvynpdtov ko Acedrerag IItnoemy

IIpo6edpog

Avtoviog ABavaciov

Méln
Axp1pog Toordxng I'pnyoprog ®récoag
KvBepvig A/pdv, Atepeuvntig KvBepvntng A/odv
Nwkoraog Tikag Havrerenpov Mrétcapng
Mny/x6g H/Y ko ITAnpopopikng Kafnyntmgc Anpokpitetov

[Mavemotpiov Opdkng

I'pappotéoas: K. Katsovidkng
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EKMETAAAEYOMENOX : EGNATIA AVIATION E.ILE.

IAIOKTHTHX : FICOSALTD
KATAXKEYAXTHX : DIAMOND INDUSTRIES GmbH
MONTEAO - DA40ONG

XQPA KATAXKEYHX : AYXTPIA

EOGNIKOTHTA :  EAAHNIKH

YTOIXEIA NHOAOT'HXHX : SX-IFR

TOINOX ATYXHMATOX . AMYTAAAEQNAYX KABAAAX
HMEPOMHNIA & QPA : Mépmtn 02/03/2017 otig 09:03h
Xnueioon : Ovypovor etvan tomikol

(tomukn opo. = UTC + 2h)
MEPIAHYH

Ytric 02/03/2017, to agpookdpog dokmoiog “FICOSA LTD” expetailevopevo amd v
etapeio “EGNATIA AVIATION E.ILE.” pe apiBud vnoroyiov SX-IFR, katd v didpken
EKTOUOEVTIKNG TTToNG amd to aepodpouto ¢ Kaparac (LGKV), napovoiace punyavikn BAAPN
OTOV KWWNTNPO KOl TPOCYEIMONKE LE OCQAAEIDL GTO OVEVEPYO OTPOTIOTIKO OEPOOPOUI0 TOL

Apvydoredva (LGKM).

H Emutpom Atepegvvnong Atuymudtov kot Acepdretog [Itoewv evnuepdbnke avdnuepdv kot pe
v EAAATL/723/06-03-2017, 6pioe opdado diepedvnomng.

Tnv 31/03/2017 eotdin “Notification to International Authorities” kot v 07/04/2017 to kpdrog

KOTOGKEVTG TOV o/(povg Opioe damiotevpévo eknpocwno (ACCREP).

1 TTIPAI'MATIKA IT'ETONOTA
1.1 Totopwo g Ityong

To agpookapoc avayopnoe otig 08:38h and 1o aegpodpoéuo g Kafdrog (LGKV), ue
npoopiopd v Bopewo Exnoudevtikn Ieproyn (North Training Area) n omoia Bpioketon B-BA

TOV 0gPOdpPOpiov. Xtar VOt Opla TG TEPLOYNG PPIOKETOL TO GTPATIOTIKO 0EPOIPOULIO TOV



Apvydoaredvo (LGKM) oto omoio av kot avevepyd, mapapéverl pkpn dvvaun g IL.A. n ool
€0pevel otV Xpuoovmodn. H mtion Nrav eKmondentiKn, OdpKeLng TPIOV OpOV Kol TPLAVTOL
AEMTOV Ko iye oav TEMKO TPooplopd Kat mwhAl to agpodpopo e Kapdrag (LGKV). Iepinov
5 vautikd pida Bopeta tov agpodpopion LGKM kar mepi dpog 08:51 h, o xvPepvitng o€ Dyog
2.500 ft kotd Vv dadkacio avodov amd ta 2.000 ft ota 3.000 ft, Sianictwoe peimwon g 1oyvOG
TOL Kivnmnpa, O0d6vnon kot Hupmold Aodov &vtog Tov BoAdupov dtakvBépvnonsg. Apeca
napovoldotnke £voelén (warning) younAng micong Aodov otov mivako opydveov G1000 tov
a/povg. Katomy avtol, onAdbnke enciyovosa katdotacn otov E.E.K. tov agpodpopiov LGKV
Kol TTPOBEST) TOL YEPIOTH] VO TPOGYEIMCEL TO /P0G OTO GTPOATIWOTIKO 0EPOSPOUIO TOL
Apvydoredva (LGKM), 6moc ko émpage. H mrion amd v ¥povikn oty Tov cLuPavtog
HEXPL TNV TPOGYEIMOT TOV 0/POVG, COLP®VA e KATADEST TOV XEPLOTH OPKNCE TEepimov Tpia
AEMTA KATO TNV OTOlo M TPOOVAPEPOUEVT HelmON TNG 16YV0G TOV KNI PO, OEV EUTOJICE TNV

TAONYNOT OVTOV.

ANECMG PETA TNV TTPOGYEIMOT 0 KLPEPVITNG OKIVNTOTOINGCE TO OEPOCKAPOS GTOV O1AOPOLO Kot
SLEKOYE TN AELTOVPYiD TOV KIVNTHPA, TPOKEUEVOL VO ATOPVYEL TVYOV TEPETAP® (NUd 6€ avTdHV

KaOADG Kot evoegyOUEVT EKONAMOT) TLPKAYLAGS.

AVO pnyovikol amd ToV TIGTOTOMUEVO OPYOVIGIO GLUVTHPNONG TOV 0/POVS KATEPOAGOV ETTOTOV
O0TO OTPOTIOTIKO 0EPOOPOUI0 TOV ApLYOOAEDVO KOl HeTd omd €E€toomn TOv KwnThpa,
damioTmoov d1appor] Aadlov omd ToV GARV Tov doywplot eiaiov (Pwt. 1). Metd v
QVTIKOTAOTOOT TOV GYIoHEVOL cmANVe (PmT. 2) pe Katvovpylo, Tov kabapiopd Tov Kivnipo Kot
™MV TANP®CN ovTov pe Addt, mpayuatomomOnke exiyelo dokiyun (ground run) kotd v Sidpkela
™G omoiag mapatnpNONKay Kpadacpol, AEVKOG Kamvog amd TV eEaywyn Kavoaepimv, evd Katd
TOV EAEYX0 TANPOLE ePapuoyng otoreinv oydog otov kwvnhipa (full power check), avtdg
anédmwoe povo 10 65% ¢ 1oxbog Tov. MeTd TNV JOKWN TOL KIVNTHPO, Ol WUNXaviKol
TPOYUATOTOINGOV YELPOKIVITN TTEPIGTPOPT] TNG EAIKOG TOV 0/(POVG, OTOL JOMICTOCAV TPELS AVTI
TECOAPMV CUUTIEGEMY. ZVVETMG 0 £VAG EK TV TECCAPMOV KLAIVOp®V giyxe vrootel {nud kot o

KWWITNPOG EXPETE VO AVTIKATOOCTADEL.



Dot. 1: O colvog Tov dlay®pLoT EAaiov

d

DPoT. 2: O oYIoUEVOG COANVOS TOV SO ®MPLOTH EAOIOV HETE TNV APOiPEST] TOL OO TOV KIVITHPQ

1.2 Tpovpotiopoi lIpochnomv

Tpavpoatiopoi IIpopa Emparec Alror
Oavacipot --- --- ---
ZoPapot --- --- ---
EAlagpot / Kaveig --/02 - /- - /-




1.3 Znmég a/@ovg

To a/@og dev mapovciace kapio amoAdTog Cnuid, extdg TG PAGPNG TOL KIvnTHpOa.

1.4  Ahkeg Inmiég

Agv €xel epappoyn.

15 IIiqpogopiss empaivéovrov

O KVPepvTNG TOL 0EPOCKAPOVG NTOV AvOpag NAkiog 63 ETMV.

Trvuyio : ITruyio Part-FCL CPL(A)/PPL(A) pe apibpuo GBR.FCL.CP.244400C.A
cS oYL Ko apyikn arcvour v 13/08/2008.

Ixavotnreg : Ta oepomhavo SEP (land) oe woyd péypr mv 31/10/2018. Tltvyio
exknoudevt FI(A) og 1oy péypt v 31/10/2019.

[Twot/x6 Yyeiog s Taéng 1 ko 2 o€ 100 péypt v 03/08/2017 won 03/02/2018 avrtictorya.

[Ttk Epmepia . O yep1og elxe ovvolikd 7.376 dpeg mTNoNC.

O egkmaudevdpevog NTav avopog nikiog 20 etdv.

[Ttuyio . Epaciteyvikd ITrvyio pe apBud PA10214 Topdaviag oe 1oyd péypt v
14/03/2019 ko apyikn amovour v 15/03/2016.

[Mot/x6 Yyeiog : Téénc 1 o€ 1oy0 péypr v 31/01/2018 wan Taéng 2 og 1oyd uéypt v
31/01/2022.

1.6 IIinpogopisc Agpookdpovg

1.6.1 Tevika

To DA4ONG eivar povokivntiplo eAMko@opo a/pog, te6capwv Bécemv cvpmepthappfavoprévon
TOV YEPIOTY, KATAOKEVOGUEVO 0o ovvletikd vikd omd tnv Diamond Aircraft Industries,
dlaBéTel TpoNYHEVO NAEKTPOVIKA GUGTILLOTO TAONYNOTNG KOl ETLKOIVOVIAV KOl YPTCLUOTOEITOL

G EKTOOEVTIKO 0/ POG.



dot. 3: To o/poc otabusvuévo oto agpodpouio LGKM

1.6.2 ZXkdgog

Kotoaokevaotng : DIAMOND INDUSTRIES GmbH
Tomog : DA4ONG

Ap1Ou6g 6e1pd KATAGKELNG : 40.N027

"Etog kataokeung 12011

Méyiomn Mala Anoyeimong (MTOM) :1.280 Kg

2Hvoro ®P®OV GKAPOVS omd KOTAGKELNG :3.198

Ap1Ouog Ipooyeidoemv . 3.447

[Motomomtikd Nnordoynong: Huepopnvia éxdoong 23/06/2011
[Motomomtikd A&omhoiag: Huepopnvia éxdoong 23/06/2011

[Motomomtikd EAéyyov A&omioiag: Y 10%0, Anén 22/06/2017

Adeto Zrafpod a/eoc: Ye oy, Anén 28/06/2017
[Motomomtikd GopHov: Huepounvia éxdoong 22/07/2011
Acgolotiptlo cvuforato: Ye 10%0, AnéEn 25/05/2017.

1.6.3 Kwnmipog

Kataokevaotng : AUSTRO ENGINE GmbH

Tomog . E4-A

Ap1Ou6G 6E1PplG KATAGKELOGTY - E4-A-00189

Méyiot Ioydg / Ztpopég :123,5 KW/ 3.880 RPM

XHvolo mpmv Aettovpyiog and kataokeung - 1.698,5

Opto I'eviknec Emokevng : 1800 (+/-50) dpeg n 4380 (+/-30) nuépeg



1.6.4 "Ehko

Kartaockevaotig : MT-PROPELLER ENTWICKLUNG GmbH
Tomog : MTV-6-R/190-69

Ap1OOG GEPAC KATAOKEVAOGTN 1110161

2Hvoho mp®dV Aettovpyiag and Kataokevng  : 984,7

1.6.5 Zvvmipnon

To a/@og mapakorovbeito amd @opéa dwyeiptong dwapkovs aglomioiog pe aplBud £ykpiong
EL.MG.0066. H cuvtiipnon tov o/@ovg yvotay amd TIGTOTOMUEVO OPYOVIGLO CUVINPNONG UE
apOud éykpiong EL.MF.0002, pe wovotnta cvviipnong o€ eninedo I'paupnc (Line) ko Baong

(Base) yia 10 cuyKeKPIUEVO TOTO 0/ POVG.

O xwvnmpoag eiye tomobetnBel otig 13/12/13 o and v televtaio 100 wpdv embedpnon tov
elye Aetrtovpynoetl 51 dpeg, KaTd TV OEPKELN TNG OTOT0C EAEYYETOL O GOAVOS TOL JlOYM®PIOTN
ehaiov (Oil Separator Breather Line).

10 BiAio TTHCE®V TOV O/POVG JEV VINPYE EYYPAPT YO KATOLO Unyavikd mpdPAnua, ovte elye

avaeepOel KATL GYETIKO amd TOV YEPIOTY.

1.6.6 Kavowpa

O tomog Kovoipov mov ypnotpomombnke Ntav Jet Al kot ta amoteAéopata TG avaAvoNg
delypatog KowGipov amd moTomompévo gpyactinplo g nuedamng ot 07/01/2016, dev

mopovcioloy amoKAIGELS amd TIC TPOOLAYPUPES

1.6.7 Awmovtéroro

To Mmavtélato mov ypnoonotovtav yio Tov kiveipa tav CASTROL EDGE 0W-40 A3/B4
Q3. H avdlvon oOetypatog ehaiov, €ytve o€ MOTOMOMUEVO gpyaoctnplo ¢ Itaiiag oTig

10/06/2016 ka1 to amoteAEoUATO OVTNG OV TOPOVGIalaY ATOKAGELS OO TIC TPOSAYPOAPES.

1.7 Mereopolroyikéc minpopopieg

XOoppova pe to Aghtio Metemporoyikdv AedoUEVOV NG TEPLOYNS Y10 TNV CGLYKEKPIUEVT NUEPD

KOl PO TOL OLTLYNULOTOG,



LGKYV 020650Z 00000KT 9999 FEW016 BKN025 BKN080 09/08 Q1010=

LGKYV 020720Z 00000KT 9999 FEW016 BKN025 BKN080 09/08 Q1010=

N opatdémTa \Tav peyokvtepn tov 10 km, vaipyav Aiya véen, amvola, 1 €EOTEPIKN

Beppoxpacio 09°C, to onpueio dpdoov 08°C ko 1 Papoperpikn wieon 1010 hPa (29,82 inHg).

1.8 Agpovovtimokd Bondqporta

Agv €xel epappoyn.

19 Emkowomvieg

O xvPepvnng TOoL /Povg ékave ypron g ovyvotntog tov I1. E. A. Kapdiag (LGKV) 118.400
KHz.

1.10 ITinpo@opicc agpodpopiov

210 oTpaTIOTIKO aepodpouto tov Apvydoredva (LGKM) av kot avevepyd, mopoauével pikpn
duvaun g I1. A. n omoia €dpevel otnv Xpvoovmoin. AtoBETel ACPAATIKO SLAOPOO SIUCTAGEWDY
1.625 m X 30 m, vyog agpodpopiov 70,12 m and ME® kot onpeio avapopdg 40°58°00°'N kot
024°21°00"'E. To agpodpouto eEumnpetel ntoeig VR, evd and mhevpds mupac@aleog aviKel
otV xatnyopia MIL CAT 6.

111 Koataypogeic otoyyeiov ntijong

1.11.1 Karaypageig Itiong

To a/@og drabétel svotnua EECU (Engine Electronic Control Unit), ot mAnpogopiec tov omoiov

OTAAONKOV GTOV KOTOGKELOGTN TOL KIVITHPO Y10, TEPULTEP® AVAALON.

1.11.2 Karaypaeéog Iopyov EAéyyov Agpodpopiov

Agv &xel epappoyn.



1.12 MMinpo@opies GUVTPIURATOV KOl TPOCKPOVONG

Agv €xel epappoyn.

1.13 lotpwkég minpogopicg

Ovdeig ek TV dV0 EMPAVOVTIOV GTO 0/POG OEV TPOVUATIGTNKE.

1.14 TMvpkayra

Agv &xel epappoyn.

1.15 Empioon

Agv €xel epappoyn.

1.16 Aoxpéc kan'Epevveg

O kwnpag otdAbnke oty Katackevdotpio etaupeion (Austro Engine GmbH) ywo emBempnon
ka1 Bpébnke to £uPoro tov No. 4 KVAvOpov pe poyunq Kot @Bopd (kKavail dtaeuyng aepimv
KOOONG 00 TO €0MTEPIKO TOV KLAIVOPOL Tpog TNV owAdkworn Aadod (0il groove) kot Tig
daxtuAoeldelG avlakdoelg (ring grooves) tov euporov (dot. 4 & 5). T Tov Adyo awtd, T0
KATECTPOUUEVO EUPOLO oTAAONKE Yoo TEPATEP®D OlEPEVVION GE €EEIOKEVUEVO EPYOCTIPLO
(OGI-Austrian Institute for castings) dote va domiot®Bolv o aitia TS poyung kat g hopdg

tov (ITapapnua 1).

Emmdéov, ot eyyotipeg kavoipov (fuel injectors), otdAdnkav yio éleyyo oe e€edikevpuévo
EMOKELOAOTIKO KEVTIPO, OOV OlamoTdOnKe 6Tl 0 gyyvTNPOg ToLv No. 4 KVAIvOpov mapovciole

VYNAGTEPT PON KOVGILOV 0O TO TPOPAETOUEVO HP1O.



D or. 4: [Thaivi 6ym tov gpfdriov tov No. 4 KvAivopov

Dort. 5: Kdroyn tov gpupdrov tov No. 4 kuAivopov

1.17 OpyovoTikéic Kol ALOIKNTIKES TANPOPOpPiES

H Egnatia Aviation E.JLE. eivor omd Tovg HEYOAVTEPOVS EKMOLOEVTIKOVG OPYAVIGHOVG
YopNnynomng mruyiov yepotdv a/eov omv EALGSa kot oty Evpdnn motomomuévn and v
EASA kat dpaotnpronoteitar otov Aebviy Agpohpéva Kapdrag (LGKV). 18p0Onke tov Iovio
Tov 2006 kot To TeEAevTOi dEKA YPOVIO EYOVV ATOPOLTHOEL amd aVTV TeptocoTepotl and 1.000
pontég amd 54 yopec. O XTOM0g TOV 0/Q®OV TG £Tanpeiag amoTeAeiton amd To LOVOKIVITH PO
Diamond DV20 Katana, Diamond DA40NG kat to dikivneipto Diamond DA42 g&omhopéva pe
to Garmin 1000 Glass Cockpit kabmg erniong kot o kavovpylo o/pog AERO AT-3 eEonhiouévo

ue avoroyikd opyova. H Zyon améktnoe tpdoeoto évav ovyypovo eéopotwt Alsim ALX.



1.18 Zvprinpopotikéc [IAnpogopisg

Agv €xel epappoyn.

1.19 Xpnowueg 1] Arotereopoatikég Teyvikéc Arepeivnong

Agv &xel epappoyn.

2 ANAAYIH

Amo €leyyo MOV TPOAYLOTOTOMONKE OTA OPYEIDL GLVTIPNONS TOV O/POVS, TPOKVLITEL OTL OUTY|
EKTEAEITO GUUP®VA LLE TO EYKEKPIUEVO TPOYPOLLLLL GLVTIPTIONG Kot dev Bpédnke o€ exkpepdTnTOL
kanowo, KatevBovripia Odnyior (Airworthiness Directive) mov Oa pmopovoe vo coppdiel oty
BAGPN g unyxavng. Emiong o ypdvoc Aettovpyiog tng Unyavig NTav eviog Twv TpoPAETOUEVOV

oplmV Y1 YEVIKT] EMGKELT] GOUPOVA LLE TO TPOYPULULLO GUVTTPNONC.

O coMvag tov dwywploty graiov (P/N E4A-53-100-501) mov Mrtav tomoBetnuévog oTov
KWVITNPO TOV O TPOPAETOUEVOS COUPMOVO LLE TOV EIKOVOYPOUPNLEVO KOTAAOYO £E0PTNUATOV TOV
kwnmpa (Hlustrated Parts Catalog) kot iye eheyyBel yio tnv katdotact tov oty tekevtaio 100

wpav emBempnor, iad 51 dpeg Tptv 10 GLUPEV YLpPIc EvpnLaTa.

Amd ta amotedéopato eEAEyyov TV eyyutnpov koavcipov (fuel nozzles) and e&ovolodotnuévo
EMOKELOOTIKO KEVTPO, Olamotddnke Ott o gyyvmpag tov No. 4 KvAivopov mapovciole
HEYOADTEPT POT| KOVGILOV a6 TO TPOPAETOUEVO Oplo. AVTO gixe cav amoTéELESHA TV ALENUEVN

OepLukn kaTomdvnon Tov EPPOAOV GTO GLYKEKPLUEVO KOAVOPO.

Metd v amocvuvappoloynon g unxavig to upoio tov kvAivopov No. 4 Bpébnke pe poyun
oL Apyle amd TV KOPLEN TOL EUPOAOV Kot KATEANYE GTNV O TOL TEIPOL TOv. ATO €AeYYO
mov mpaypoatomomOnke oto £uPoro tov KLAIVOpov No. 4 amd €EEOIKEVUEVO EPYACTIPLO,
(TMTopaptnua 1) Ppédnke o6t M  7mepoyn  €vapéng g  poOYUNRS, Ogv  mopovciole
LIKPOKOATOOKEVAGTIKA 1) Unyovikd edattopata. Exiong o édeyyog okAnpoétrag tov vAkol ot
mepoyn évapéng g poyung oto ev Adym EuPoro, nrav 82 HB deiyvoviag pio TOmiKY
ATOOLVALMOT) TOV KPAUATOS 0AOVUIVIOL TOV EUPOAOL TTOL opeileTarl otV Beppukn Katamdvnon
Katé TV Agtovpyio Tov Kvntipa, mov TOAvdg oe avtd va cuvEBoie M awénuévn mopoyn

KOVGIHOV TOL EYYLTIPO GTO GVYKEKPUEVO KOALVOPO.

Eniong odpeovo pe 10 COUTEPAGIN TOL EPYOCTNPION TOV TPOYUOTOTOINGE TOV EAEYYO GTOV
éuPoio tov No. 4 KuAivopov, N Evapén ™ pOYUNG GTNV OTOSVVAU®UEVT TEPLOYN TOL EUPOLOVL,

opeiketon og katamoévnon (fatigue crack) Aoym vreppdptwong (overloading). Ta ev Ady® @opria

10



mo mhavov vo mpoépyovior omd v kauyn (bending movement) tov gupdrov 1 omoia eivan

KkéBetn otov Aova Tov TEIpOL TOL.

Eniong swomotmdnke 6t n poyun £0waoe £€£000 O10QLYNG TOV aepimV KOOoNS amd To EGOTEPIKO
TOL KVAIVOPOL TPOog TNV avAdkmon Aadiod (0il groove) kot Tig daktvAoeldeic aviakdoelg (ring
grooves) tov gufoiov. Avt n dadpoun TOV aepiov KoHoNG GTASIOKA LLE TNV AglTovpyio, TOV
KIvnmpo, onuovpynoe Eva eapdvtepo KOVAAL S10pLYNG aepiwv Kadong LETOED TOL KLAIVOPOL
KOl TOV d0KTUAMOEW®V aviakdcewmv (ring grooves) tov eupodrov. Eniong mapatnpridnkav dAieg
V0 pOYUES, 1 (o 6T apy1| TG £10000V GTO KOVAAL SlopLYNG aepimv kKadong Kot 1 dAAN ard To

HEGOV 0TOV TPOG TNV OTY| TOL TEIPOV.

Metd to cupufdav, aeov £yve OVTIKATAGTACT] TOV GYIOUEVOL GMANVO TOV dloy®PLoTH €A0iOL
(Oil Separator Breather Line) pe kawvobpylo kot thv TARP®ON TOL KWWNTAPO HE AAdL,
npaypotoromOnke exiyela dokyun (ground run) katd v Sidpkeln TG omoiag mapotnpOnKay
Kpadoopol otov Kvntpa (OTMG Kol TNV TTHOT TPV T0 GLUPEV) Kol AEVKOg Kamvog amd TV
eCayoyn kavcaepiov. Ot KpadaopHol avTol 68 GLVOLOCUO ULE TNV OPLYN OEPi®V KavoNg omd
tov No. 4 KOAVOpo HEG® TOL KAVOALOD OPVYNG TTOV ONUIOLPYNOINKE AdY® TS pOYUIS OTO
EuPolo Kol TG TEPATEP® AEITOLPYIOG TOL KIVNTHPW, TOAVOG Vo, 00 yNGOV 6TV KATOTdvnon

KOL TNV 06TOY{0 TOL COANVA TOL d1oy®PLoTH EAAIOV.

3 XYMIIEPAXMATA

3.1 Awwmetoosig
3.1.1 Ot xkopkég cuvOnkeg dev GLVERBOAAY GTNV TPOKANGN TOV ATUYNUATOC.

3.1.2 O exmodevung Ko 0 EKTAOELOUEVOG O1EDETAV OAQ TOL OTTOUTOVEVO TTIGTOTONTIKE, Y10 TNV

EKTEAEGT] TNG TTNONG.

3.1.3 H ovvtpnon T0v 0/Qovg EKTEAEITO OCUUEOVO HE TO EYKEKPIUEVO TTPOYPOLLLLOL

GLVTNPNONG, Y®PIG KATOLN EKKPEUOTNTOL.
3.1.4 To a/@og Ntav tntikd alldmroo kot d1€0ete o€ 160 OAN TO VOULLOTOUTIKA £YYPOPAL.
3.1.5 To kadoyo kot o Addt TOL KIvnTiPo NToV EVTOG TPOSLOYPAPDV.

3.1.6 To éuporo tov No. 4 KVAIVOPOL NTAV KOTAGKEVOGUEVO GOUOMVA LE TIC TPOOLOYPAPEG

TOV KOTOGKELOOTY].
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3.1.7 O eyypmpag tov No. 4 kvAivopov mapovsiole por] KOUGIHOV HEYAADTEPT TOV

nwpoPAemoduEVOL opiov.

3.1.8. Awmot®dnke amoduvAL®MOoTN TOV KPAUNTOS OAOVUIVIOL AOY® OepUIKNG KOTOTOVIONG

GTNV TEPLOYN TOV GPYLGE 1| POYUY.

3.2 IIBava Aitwo

H moapoyn xovoipov peyoAdtepn tov mpoPrenduevov opiov amd tov egyyvtipa tov No. 4
KUAMVOpov, ovvéBoie ommv Bepuikn katoamdvnon tov guPfodrov tov No. 4 kvAivopov, pe

amotéAEGL, T dnuovpyio payung Adym kortmong (fatigue crack).

3.3 Zvppdarrovreg Mapdyovreg

Agv €xel epappoyn.

4 XYXYXTAZXZEIX AX®AAEIAX

Agv €xel epappoyn.
Néa Drradérpeta, 06 Tovviov 2019

O MPOEAPOX TA MEAH
Avtoviog ABavaciov A. Tooldxng

I'. ®Aéooag
Akpipég Avtiypago
O I'pappatéag

N. Tixag
Kvpuakog Katsovidkng I1. Mrdtoapng
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OGl-task-no.: 56.653

1 Scope of examination

From Austro Engine GmbH a piston which exhibits a crack has been sent for
investigations in order to analyse the cause for the existence of cracking.

The piston was mounted in engine E4-A-001889 at the 4th cylinder.

2 Investigations

The situation of the broken piston at receipt is given in fig. 1to 7.

Additionally to the crack, the piston crown shows some imprints by foreign particles, which
have been exemplary documented in figures 7, 8, 29 and 30. The imprints are not
correlating with the fracture location (fig. 9). Additionally a gas channel has been
generated between the combustion bowl and the ring grooves (fig. 7 and 10).

2.1 Fracture analysis

The piston suffered a crack which is orientated nearly parallel to the piston pin axis and
which separated half of the piston crown between inlet-and-outlet valve pockets (fig 7).
The location of the crack does not correlate with the injection spots on the crown (fig. 8
and 10).

On the outer diameter of the piston, where the ring package is positioned, the crack splits
the top area of the piston until the piston pin bore and follows the bore towards the centre
of the piston where the crack stopped in the middle of the piston (fig. 11 and 12). There the
edge of the crack can be observed in the middle of the cone of the combustion chamber

(fig. 8).

The crack of the piston has been carefully cut open in order to be able to analyse the
fracture surface, which shows three individual fracture areas (Fig. 13, 14 and 21 and 22).

The main and primary fracture is a fatigue fracture starting at the inner radius of the crown
opening into the combustion chamber bowl (at the transition radius from the crown to the
bowl, fig. 15 and 16). At the fracture origin no mechanical damage or any notch-like defect
can be detected (fig. 17 and 18).

From the fracture origin the crack propagated towards the piston pin bore, separating half
of the piston (fig. 15). When reaching the bottom of the combustion chamber bowl the
crack obviously linked the bowl with the cooling channel and (further on) the ring grooves.
The hot combustion gases followed the crack and melted the aluminium in the vicinity,
thereby creating a gas channel between the combustion chamber bowl and the ring
grooves. Subsequently the channel was widened by hot gases blowing through the gap.

Two further fatigue fracture areas occurred between this gas channel and the piston pin
bore, both showing their origin at the edges of the gas channel — one at the entrance and

Page 2 of 20
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the second one near the oil ring groove (fig. 19 and 20) - and therefore are interpreted as
subsequent cracks.

In the SEM (Scanning Electron Microscope) no further details could be detected due to a
layer of contaminations, which could not be removed by intense ultrasonic cleaning (fig. 23
and 24).

The location and the orientation of the crack has been influenced by bending loads which
are increased normal to the axis of the piston pin, as the pin itself supports the stiffness
parallel to its axis. These bending loads most probably resulted in a local stress situation
within the area of the fracture origin.

2.2 Hardness Measurements

Hardness measurements have been implemented on the surface of the piston crown
between the outlet valve pocket and the crack, showing a hardness of 90 HV30 (resp.
approximately 85 HB) next to the crack, with a decrease of hardness within the area of the
local injection spot (75 to 85 HV, 71 to 81 HB) and towards the valve pocket (75 HV30,
approximately 71 HB, fig. 27).

A metallographic cross section has been prepared to investigate the microstructure, which
does not expose any relevant deviation concerning the crack appearance (fig. 8). On this
cross section a further hardness measurement was performed to see the hardness
distribution from the crown towards the piston pin bore. The results of the hardness
measurements are given in figure 28.

The hardness increases from 82 HB underneath the top surface of the crown to
approximately 106 HB in a distance/depth of ~ 9 mm from the top face of the crown,
measured along the surface of the combustion bowl. Therefore the fracture induction took
place in a region of the piston, where the hardness is decreased due to the thermal impact
during operation. The local hardness measured next to the fracture induction is
approximately 82 HB.

As no further damage at the surface or within the microstructure of the piston is detectable
at the fracture origin (fig. 25 and 286), it is suggested, that local overloads, resulting from
the bending loads described above, have introduced the fatigue fracture supported by the
weakening of the material by thermal impact.

2.3 General observations

Wear traces at the pistons skirt and in the area of the ring package can be traced up to the
piston crown. To a certain extend this is a consequence of the oily residuals of the
combustion process, which fill the gap between piston and cylinder.

It should be investigated, whether these residuals in the gap between piston crown and
cylinder are responsible for possibly higher frictional forces causing additional bending and
as a consequence additional stresses within the area of the main fracture induction.

Page 3 of 20
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3 Summary and Conclusion

The piston, which suffered a crack, has been investigated by stereomicroscopy, SEM,
metallography and hardness measurements.

The crack of the piston, which has been induced at the transition radius from the crown to
the combustion bowl, propagated parallel to the piston pin axis towards the piston pin bore
separating half of the piston from outer diameter to the central cone. There is no local
correlation between the injection spots or imprints in the crown by foreign particles and the
crack. The character of the crack is that of a fatigue fracture.

At the fracture origin neither microstructural nor mechanical defects are existent. The
hardness measured at the crack induction area is approximately 82 HB indicating a local
softening of the aluminium-alloy due to the thermal impact during engine run.

When the crack propagated from the crown towards the piston pin bore it linked the oil
groove and further the ring grooves with the combustion chamber bowl offering the
combustion gases a gap to follow. As a consequence a gas channel between the
combustion chamber bowl and the ring grooves occurred and gradually widened during
engine run.

At the edges near the entrance of the gas channel and at half length of the gas channel
two further fatigue cracks appeared separating the area of the piston below the gas
channel until the piston pin bore.

Summing up the investigations the fatigue crack was induced due to overloading a
thermally weakened material. The loads are most probably resulting from the bending
movement of the piston normal to the piston pin axis.

Whether deposits from the combustion, which can be found at the crown on the outer
diameter of the piston in the area of the ring package, have increased the loads due to
additional frictional forces cannot be stated and should be further examined.

Imprints in the top face of the piston crown can be detected but they are not regarded as
cause for the crack induction as their location does not correlate with the fracture
induction.

Page 4 of 20
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This examination report with our task-no.: 56.653

Consists of 5 Text pages -- Tables 30 Figures -- Enclosure.
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Fig. 1: Overview of the piston mounted at the fourth cylinder
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: Fig. 2: Overview of the piston, top face (crown)
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56653_01_18

Fig. 3: Overview of the piston, skirt

56653_01_19

Fig. 4: Overview of the piston, side view
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56653_01_20

Fig. 5: Overview of the piston, skirt

56653_01_21

Fig. 6: Overview of the piston, side view
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imprint (see fig. 30) -

_01_17

56653_01

Fig. 7: Overview of the piston; the crack and the entrance of the gas
channel are marked

Cross section —

Injection spots

— e am—

Fig. 8: Top face (crown); the crack separates the crown; injection spots next |
to the crack do not correlate with crack location; there are imprints
visible, which are located further off the crack.

56653_02_19
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56653_02_08

E

Fig. 9: Overview of the crack in the piston crown; no imprints c-orrelate with
the crack

Injection spots

56653_02_05

Fig. 10: Overview of the crack in the piston crown and gas channel; no
correlation with the injection spots
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_10

| 56653_01

L s —

.Fig. 11: Following the crack at the outer contour until it meets the piston pin
bore

56653_01_14

Fig. 12: The crack follows the piston pin bore until the centre area (central
cone)
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| 56853_01_22

[

Fig. 13: Overview of the openegcragk -

56653_01_23

Fig. 14: Overview on the opened crack {counter surface to fig. 13)
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Primary/main

crack

Secondary
cracks (fig
19to 21)

pin bore ; W VRS .
Fig. 15: Overview of the fracture surface, Fracture origin and —propagation
are marked

56653_02_10

Fig. 16: Primary fracture induction site
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Crack s
surface

56653_02_14

Fig. 17: Overview of the fracture induction, no mechanical defects detectable

| 56653_02_15

Fig. 18: Overview of the fracture induction, no mechanical defects detectable
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56653_02_11
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¢
rview of the fracture induction next to the gas channel entrance

Fig. 19: Ove

56653_02_12

Fig. 20: Overview of the fracture induction at the gas channel above the
piston pin bore
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56653_02_15

P, r
Fig. 21: Overview of the fracture surface (counter surface to fig.15)

56653_02_16

Fig. 22: Overview of the fracture induction at the crown (counter surface to
fig.14)
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not be removed)

mim

Fig. 24: SEM-picture of the fracture origin without any mechanical damage

29

Fig. 23: SEM picture (unfortunately by ultra-sonic cleaning the layers could
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56653_01_02

| 56653_01_02
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| 56653_02_01

56653_03_02
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56653_02_20

Fig. 27: Hardness measurements at the crown next to the fracture origin; the
surface has been ground for the hardness measurements. The
hardness is increasing towards the fracture

56653_02_21

Fig. 28: Hardness measurements next to the fracture origin
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56653_02_04

56653_02_07

Fig. 30: Imprints of a foreign particle in the piston crown next to labelling (see
also fig. 7)
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