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Abstract 

A i m f t  disaster has been in existence since air was conquered by man as a m q m  of transportation. 487.5 
million and 874.4 millions of cumulative departures and flight hours respectively have been estimated since 
1959. Analysis of aircraft failure based on 5,149 on-board fatalities recorded shows that 13% of total aircraft 
accident was caused by mechanical faiIure while loss of contml was responsible for over 3 1% af onbard 
fatalities. Aircraft accident is known to be most fatal during take-off and h d i n g  phase contributing about 
49% while onboard fatality during cruise is about 19%. hi this work, reviews of aircrafi disasters were made 
via Fractographic examination, SEM and fete elqment modeling. It myst be stated that few of aircraft 

.>I 7 h  c , 
failures which are not material relatch +! hot 'consldbred ifi' this review. The review focused on material 

. \ . *  , 
related failure which have been analyzed, , . J  kF&ted and published in rqhrable journals. 
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1.0 INTRODUCTION 

Aircraft disasters (or accideno can be thought of as '~n,occurrence associated with the operation of qn aircraft 
which takes place betwekn the lime .any person %dkdsds.the iircmfl with the intension of flight and all such 
persons have disembarked andin which, my person suffers death or serious injury or in which the aircraft 
receives substantial damage' [9] ..The International Civil Aviation Organisation (iCA0) considers accident te 
have occured on an iiircrafi when a person is fatally or seriously injured, the aircraft substains damage' or 
structural failure or Qe air& is missing-or completely ina~cessible [I 01. Passenger aircraft flight hours have 
be+ on increase without substantial @crease in, departures (Fig.1) [9]. This relationship could be 
attributed to deq+e.id a I, .. ac~ideqt' rate ((F~~z). ~ecrease in flight hours and departures obsenred in years 2002 
and 2003 came as a result of the terrorist akck in US that sent fear to  the hearts of regular 'flyers'. The 
observed increGe . h~wever ..<,.. coqtinued in 2004 after e c k  safety m e a s u s  were adop* 487.5 millions 
&&mulative depamrresWith ,- ... , , ,  874.4 million cuguqulative flight hours since 1959 have been esimated. 

I I L  I i ,  

Fig. 1 : Annual departures and flight hours betwe- ,1987 and 1 996 [9] , ' 
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Fig, 2: Aircraft accident rate between 1939 and 2006 19). 

A comprehensive statistical analysis of aviation accident involvhg worldwide commercial Jet fleet from f 997 
through 2006 is provided in Fig.3.The categoriition was based oh ~ah1itie.s by CAST / ICAO Taxonomy 
Accident category. The figure indicates that loss of control is the highest cause of aviation accident followed 
by system component failure (which related to. material failure), In a siyiiar report, 1 3% of total aircraft 
accidents since 1950 was caused by mechanicd failure while loss of control is attributed to over 3 I% with 
~fmpnce  to on-board fataIities[ll]. 

Further statisfical analysis was condqcted to cawgorise these accidents according to flight phase. Fig4 
(accident phase) +early indicates that fatal accideot happened most dkng landing phase while on-board 
fatality is zero during: taxing 191; Most, ,of @e s c c i h t  and fataiities are associated with depahlre (take 
off/climb) and @v$ (approqc@ding) .L,.. . p&ses,# $king these phases, aircraft is close to rhe gmund and in a 
more vulnerp~k cbpfiguraItip? L . r  $hart .., in is greatly reduced [12]. 
Take off end ' :g final appmach 
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Fig.3: Fatalities by CASTACAO Taxonomy Accident Category [9] 
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 ale 1% r l s  a- 311% 10'16 6% lost ' I?+ , gm .,, 
m 1 2 %  j7Y 6% . 14% *,-; :ik,."'. 

- "+C --I+ 
23% 

-" 
mb t4K 57% 17% 12% 3% 1% 

:Pigh4: Fata midents ad onbod Witie% by phase of flight [9], 

Am& disasters, with repea fo materid hilute, may be due to fatigue, sudden impant, hidden defwt, . 

curmion, creep and qukk crack propga~on. An investigation of failureis $;yhafl parts 9nd s t ruchm 
indicata that fatigue is responsible fbr 55% of hservice failures follow& 6;cmwion (16%) [tl.]:Fatigue 
ften affects the components in power-genmtio11 I Wminisstm systmwiw~&;ire often subj&ted .Wmost 

conditions: Aitcrafk materns and their meas qre henby at&$@ &F bbettcr understanding of 
in &- jndumim , . . 

2.0 ' M & ~ I S  for auoapael vebides 

&rospace vehicle9 opmte u n d e r s e ~ ~ : @ m d  and e x t d  eonditiom The propulsion units opmte at high 
fmpe&pe level while being chd$l$ ~ I X ; W  by fuels and 'irqelkm& before, durhg and after 
vmbustion (7J. The stresses. w&h amspace vehicles must withstand we very complex, as a direct effect of 
gevere opaat&y e4nditions and vsrying awimmeatal chmteristics. F d w  due m fracnue, f a t i p  and 
map hwe been reported [7,8]. Bash materials for aerosp&ce vl&icla me high--and very-bigh strength steeIs,, 
aluminum based light alloys, timiwn dloys, dactory q d I o y s ,  sinkxed 
makri&,wnpomm ~Ty&ps+ Uk@ high behaviour 
bards lugh amses m bh usid, ~ ~ d u m  alloy& 
timber of 3 while c o d  m y  be usad for 
tmperature, Wnat:ed materials o b t a i h  by the minfmmmt of glass thr&ids with epoxy mim arb 

popullrr'ior b M i e i & h  adges, doors, &nth awing to tb% satisfactory iesimue t i  
wuparion PI. ,Do- are now coWtedted.qf q a n i q  bqam of bf& &celFent aptical pdormahce 
d @s+iow P&+I ~ ~ ~ ~ ~ ~ ~ $ p ~ ~ i ~ ~  3: y$ Ic.'&+a+ .op&g at high 
( 4 v k ' ' q ~  t*''d&? $ip+: v . b i k i y ,  , $ ? j + + . ~ p a p  p7nqsiorgli;e also satis- as 

€& &vp$ep& & in WJIW with highTw.m~: ..> ipd ~p&q&~h. combp$oa ga$s 81. I %  

In l h e ' & d i g  seati&,,airci& di- duelto'tIie faiIlJrebf &dn components are examined. 
1 . ,  

b.0 Samples of Mate* Fduw Amtyaes 

3.1 W i e  of aircraft .. progener . . . 

Ibniipvmigation condwted.onhtbe failure of a C-a-185 sirtraft revcaled.that the disaster was. bmught about 
by #amre .of ip pmpe11er. [2]..60ae:of rthe: propeller8~ades:~~&5~%w' bmkd jp' d&g @t. pmpefl& 
wasma& af hi* mgthQ034;dwnimm hUoy cwtmody used ,in awwyce  indautry. 

. ,  I ,  - I 
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of @e fail@ bh& revealed several Womd aw Wied firom imps effech The; crack sdw 
inv@&ed'bith mifschning el* m i d s o p s  (6EM) with multa sbawn in Figs ?,1 

b' 9. It was wentn& mrrclydBd itat the Wum af thi was due to the fmctare of its propelleF blade 
where m l m b - f o h d  on the Momation zone led to strew aommmtirn causing crack pqgation and 
evmmlniphmdth-epqdl@x[q. 

F i g 6  Zone I semi-elligtic striations [2]. Fig.9:sSEM imp of zbne liI [Z'J. 
I .  

3.2 Failure of aircraft main landing gear - 

The disaster of Piaggio Avant PI80 aircraft was caused by separation of fiange fillet from the landing gear 
wheel during taxing [3j. Fig.10 provides the generat view of the failed wh&l where A denotes the piece of 
wheel flange fillet h c t d  and separated and B is the remainder of the wheel. The wheel is made of forged 
material made horn 2014-T6 aluminum alloy and the history of the aircraft revealed that it has been in service 
f~ a2 W. . 

162 
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Fractqgraphic examination was performed,using ,LEO Supra 3 9 field emission scanning electron microscope 
(PESEM). The topography of-fmdured ~ ~ r f t l c e  A and B (as identified) have three distinct regions. Region C is  
characterized by flat, smooth and brightsurface contaiding beachrnark~egioii D has flat and bright surface 
a1 ternating between rough and dull onesoikhil$ region E codd be identiha by &ugh, dull with coarse grains 
(Figs. I t and f 2). Region C indicates a fatigue crack growth while D indiwtes unstable crack propaption 
'with E indicating s ~ ~ o n ~ o f ~ & ~ - ~ b l ~ ~ a c t u w  , - [3]. : = :2 ;* I!*-:;-. 

. . ,> ." . .?, - 
-. . ,.+&k *- . 

Fii.10: G-mI view of $ef:fhiw wheel [3]. 
I - 

Fig. l I : View of the fractured s&e of the wheel flange 
&owing regions C, D and E 131. ' 

4 irLv 

Fig.12: Sectioned hctured surface of the wheel f h g a  Fig13  SEM micrograph fir -,initiation sire 133. 

Crack initiation was found to be along the inner s e e  of the flange close to tbe fillet. Defect msemt,Iiq 
corrosion pit were also fund suggesting multiple initiation sites;The' Spacing of miation (which was found to 
itlawe with dista'nce b m  initiation site) suggested the fhct that fatigue cmck growth ~~ under -, > I "  

constant amplitude loading (Fig 13) [3]. , 

a ! '  , I  . I 1  . I ,  
Morphological evidence indicated that dlk occurs flu; to @e fatigue &I&mpa&tioa The cvk gmwth 
which reached 8 m  in length and 5mm in depth before the finhl'disaster'. The crack was ilpi'buted to 
corrosion pit aS.a wul t  of superficial /fretting fmm tyre b d  and dlk'wel1[3]. Waz et al. (41 carried out d 
similar analysis on oargo aircmfi main lmiding gear.yd found that hat the1.v was by $tress corbsion cracking 
mechanism. The m c h  initiated around camsion prt while the corrosion w& amelerahi by high cathode tg 
anode surface htio. The eventual fracture &cutred as the crack reached critical size too weak to sustain the 
load [4]. 

me #the, iq ewql pp*8 of ap -4.b win&welfigeqcoqwctoi. A ~ ~ I ~ O W G S ,  in& graviware 
mnspitted .* .@e Wi~g to the fusehge vie the cormmtox, In a c o p b u ~  by Witeac [5], failure of 
an agri&l&l o~c;wr&.,as 9 suit of unun&ected fa$gue ~ . g r ~ ~ ~ i n  ,the lug ofthe wmec&r, T ~ G  
failure a c c d  5900 - h6dOOhow of d p d r a ;  .me GQMWP faSlwe rlpatim (Fig 14)-shews that the 
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wing lug (which .is the main component of connector) was fractured in 2 zones. Visual examination shows 
t b t  crack initiated in bottom zone of lug (region I) where. typical fatigue brehch marks are obvious (Fig. 15). 
Plastic kending and rupture of the top lug zone (region U) then followed. The curvature of the beachmarks 
shows that crack growth had taken place from zone A (Fig. 16@)) and'accelemted by corrosion [TI. 

Fig. 15: View of the lower wing lug afier damage [5]. Fig. 16 (a) Cracked lug surfkc4 and (b) magnified 
. view of lower fractlire surface 151. 

Finite element analysis of the c~ltleqtof m&1 conlimed that von Miss@ stress distribution is maximum at 
the left-fop part of the hole (Fii. 1 j) which is thcsamb yith anslyzed point of failure [5]. - .=  . - 1  _" I . 

Fig. 17: Von Misses stregs distribution in the lug [j],,, 

3.4 Othe  maaerial related failurm 

A h f t  fail& can dso  .be :attributed to . m o m  at various stages ,in; aircraft life viz, design, manufacturing, 
assembly, inspmion, operation and maintenance 181. Failure of,~a.fi ,&at Box of helicopter was related to 
poor design of the gear box lug. The poor design eventually led to m t u r e  crack initiation and failure. . 
Defects inttociucd during '$iaiufatu+g shge can produce i&$Uipf!akming effects- on the affected 
c'ompon&t& ' h c k  'tian' be nucl&tBd hd'kv&Mly led to failure.%&iple Is  a faiIure' of compressor rotor of 
qtt aircraft that was due to improper contact between the rivets and rivet holes joining the components of the 
mmr drum together [8]. 
Assembly / i@on error can be as a result of inaccurate3 incomplete or ambiguous assembly spdcation 
or in some cases as a wmquence of human e m r  or negligence. .Such e r m  are often not detected during 
inspeetion. Fsilure of a'ctuator bracket assembly of an aircraft was attributed to negligence of fasteners. 
Critical examhation of the Mure mode revealed that the fastenem holding one side of the pIate in position 
within the actuator were nat l%ed in place. This led to excessive load on the other side of the plate leading to 
fatigutwrack initiation and its pwgr~ssive propagation 111. Failure of a high-pxessuxe hubine rotor disc of an 
aircraft is also similar. Znvatigatim &shows that the detachment of the labyrinth ring from the disc was the first 
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in the chain of events that cum ylatd into the aircmfi accident. Analysis revealed that the axial movement of 
the labyrinth ring resulted in deformation of the pins at the rinddisc interface leading to fatigue failure and 
eventual fracture /8]. Improper maintenance is aIso a causative agent in .drcmfi failure. Example is the failure 
of wheel hub of an aircraft. Accident occurred as a mult of premature failure of the hub due to fatigue, which 
was found to be originated from stress corrosion sites resulting from camsion 181. 

Conclusion 

Indeed, majority of failures in aimaft do not just happened, they are caused. They may happen due to 
introduction of defects, which are often inadvertent, at various stages of service life of aimraft components. 
Fatigue i s  however b o w n  to cause very high percentage of failure with reference to materials. Failures in 
aircraft are often fatal leading to loss of life, damage3 of aircraft or even complete loss. Forensic engineering 
now becomes a sine-qua-non for proper investigation of in-sewice failure with a view to ,arresting its 
causative agents. A Good dqf gn, proper manufacturing, right assembly, complete inspection and routine 
maintenance will go a long way in reducing aircraft accidents. 
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