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1. INTRODUCTION

This review summari zesomke osauti e sl rolhcattinirgauder ed gy r ¢ h
i nvestigations in China duri ngedeiret @k ratodt Wlau n3e6 t210 1c7

of the I nternational Committee Aer oia atkRoawad nd-at i gue
This report incl Udaets gtalee amds e ahahyndsiergrot yadvanced |
advamedadods, wi despread fatigue damageaealheabdbthosi on
monitoring, |l oad acquisiti-saahredcttaymdacitet cm compi |l at i

Chael egati onorCArFrebdd amte pr of ersddi mmaad e minsd ittartdarnrsy
research inside China and cooperate with | CAF partr

compiled by China | CAF Office based on the recent

organi zations.

1 AVI €aAitr Strength Research Institute
2AVI C Shenyang aAiReseafrchDésnisgmt ut e

BAVICChengdu AiracnRleseabeési gnstitute

4AV1I C Beijing Aeronautical Manufacturing Technol ogy

5AVI C Harbin AircrdaffD I ndustry Group Co
6AVI CaKi Civil Aircraft I ndustry Company LTD

7AVIThREi rst Aircraft Il nstitute

8AVI C China Aviation Industry General Aircraft Co.

9AVI C Chinese flight test establishment

1AVI C China MRelsieaomgthe and Devel opment I nstitute

11Shanghai Aircraft Decsfi gdlOMAG@ Research Institute
I2AECBei jing Institute of Aeronautical Materi al s
13Bei htnmngrer si ty

14Naval Aeronautical Engineering Institute

15Ci vil Wwniagerenty of China

16Air Force Engineering University

17Nanjing University of Aeronautics and Astronaut.

18Xtan Jiaotong University

Each item of the report I|ists the corresponding
thesesear chaemesdpdaudaaign duinstvrer sities are sincerely
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2. FUNDAMENTAL RESEARCHESON AERONAUTICAL
FATIGUE AND STRUCTURALINTEGRITY

21Ef f e cHeTr @fat RBreoncte s s Mioar otshter iMetcthraen i aa d
ProperTA¥YS t@afni um nfelalroyFr i otilndn Wel di ng

The effect of heat treatment process obhithei mmcr ost
al ILawye ar Friction Welding (LFW) joint was investig

E
mi crostructure elfi knee ttarsatnasbfiol ipibya snépeachigee | dameil hagrt he h
treat ment process. As theodesnpei actureaseod, htle Itan
microstructure increased. The fracture positions of
The mechanical properties, named the tensile streng
hea treat ment process. And the fatigue strength and
order to obtain a synthetically performance of the

process shoulNdFing2tl-Fd xg@8aade 7t5l0e resul ts of microstr ui
propertitistafi.0ml1&81 1| oy

a Mphology of the bybhbndineghaaoneal |y efV¢ledt edggemnhezone
Fi g2TMi cr ogrlapnhesaroff rTA1a38ld mywel ded

58 700
650 ’\ —
® Bas ® we | di
g moOO —
3 ~ 550
$ ®
s 500
T [2])
g 0 e
- 450
) ‘
=z 400 Py
11 12 13 14 15 16 350 ! !
Log(AK), MPa- nf* 6 6.5 7 7.5
( &r apcrkopagad kemowne (b)N furve
Fi g2Feat i gue plbi opgairtWelsdiadA 16l lacmmyd base met al
TMAZ Y.
1AVIRei jing Aeronautical Manufacttui g onGe aitfgn d Isdhvgdl 6RBe c@oar ¢
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da BM b LFW

Fi g2&3Fer act ur e mdripnheacalro ofird & 1alfd(nm yAWwWe)l deerdd b aslki gnigetclae (BM) i
fatigue tests

22Mechani cal PropertChasaahdr Resi desal nSTr i
Fabricated by Lase¥ Additive Manufact u

Additive manufactured process can fabricate a compl
by traditionehtpyocesses ngethieciwei ght of aircraft s

data | imits its application in aerospace industry.
properties of titanium all oy buinl tt hbrye eShesifedcttyisv. e alsa
anneal ed and Hot |l sostatic Pressing (HIP). Resi dua
measured by nehitg®bMe dd-RKy acditfifomadqti on met hods. I n
strengt h, detailed fat {(FguwuaSacaldiignlg) weenrd oriasck sgreawtwh |
respect to process parameters; the static and fatig
repair were @Elig&deygv opmtiimgatbeedhdi ng test. Key concl u
HI' P and machining processes can produce the compres
fatigue pr opaenrituine smaotferSLaM ,t iaatnd | ower its crack gr o)
forming repair process wil/l have the similar proper
| N i
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N iy A
R e/ s v i S i Tt
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Fig4Dei stribution of r edNeditvalonsthidgdg aicrt i some dMemhehro db y

2ZAVIAKi rcraft Str engthONG sDeeatrgakig kle®2t3i@su thea.. c om
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1.E-04
180 W asbuilt = SLM. as-built
asbuilt surface
160 = asbuilt 505 = Annealed,as-built
machined surface ? ETPed. 2 buil 2 o
140 & 'ed, 2 s-bult
w annealed
ashuilt surface = = =Cast Ti-6A14V 10.16:
120 ® annealed ! = '
=
= ) .
2 machined surface = = Mill-annealed Ti-6 Al4V
£ 100 7 plate, 6.3 5mm
<  HIPed =
= 7
g ashbuilt surface E LEOT
s 80 =
>4  HIPed g
60 machined surface =
1.E-08
40
20 1.E-09
1 10 100
AK(MPa.m'?)

Fi g&5Compari sons of fracture toughness and FCGR for S

Fi g26Tey pi cal defects in SLM TC4

Fi g&%Sec hemati ¢ di & grhaom to fb etaens tf ajbirg cated by | aser f ol

23Fat Bghiavi birfDeasntdr i but i-®@ . n5284MOVEDI Tani um

Al lloy
Directed energy deposition, or DED, is a metal addi"
advantages in tseafermatiaonumf al Aogestructures in
aircraft structures, dsatt i guet ipeealf ommahaaei dasl tpreo pr
met all ographic features were observed and fatigue t
was conducted. The mixed failure Dbehaviors and rel
di sedssn detapéakThbeadaoubeérei stics of the fatigue |
and a bimodal |l ognor mal di stribution (BLG) with fiwv

variati on.
Fatigue test

The fatigue deosnh was |-p@@ kK ®wmenB8Otlr ohydraul ic servo f

1Bei hang UREvXiabfXfayme@buaa. edu. cn.
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at mospheric environment -waveooampétmpéedeaet (CA)usdeersa
stress ratio of 0.06 and frequencesebtslOHz72T0Thr @60s
800MPa were carried out.

a ‘Laser

Y

ST

Ti-6.5A -2Zr- 1M- 1V Substrate

Fi g28(ea) Direct ehkeygS$pdeipomédmt edue test
Met all ographic

Two typic@OZsaa®V,Xnsd i s the deposition direction) w
met all ographic micr os cFapge9. eThheer-OrZelsaeldft s oanr, e gsod awuwm i n
grown along the depositi olp hdaisree citnisoind ea ntdh ed icsool rudnenraerd
observed:OYFosrecttheonX the cross section of multiple
higher magnificatiboundahy eoldulamder giadi REZ ctud at he
section.

Calumnargrain

Fi g29XeO-Z section: (a) macr-O¥co@dtci dm:) MMé)crmacro@s cqgpiXc (d
Mi xed bahbuiers

The fr actHomgt& fehshows that mixed failure behaviors a
be divided into three r(eCdiSons:(i(ii)) caraacdkk pirmiptaigattii com
fracture region (FFR).



9

A Review of Aeronautical Fati gupe7avBayl 2mtlegr i ty I nvestigat
Fi g2X®r act wogfr atpwho typical failure behaviors

Rel ationship between pore defects and fatigue | ife
Di ffer darec ss zien otf the pores led to different modes ¢
of pore, the crack initiation modes of all speci men
at smalhliecpol ex®e; tlfam)i €reas kati nidgddsu hh ap2ylese a:h b an
smal | 60ngt h(aini i) Cr ack daiied icprt eesineart Tthlramgel poir esashi p b
the fatigue | ife and pore di aisetfeorr mud saedhids oguesmseerda.l V
obtained, but the accuracy of the results was not
di scussion, a good I|linear relationship at high stre
a Yo @Y, UG Qlé

] + e pors amain o T ogTtpyod xTYOU

E : b c

z Mode | Mode 1I Mode Il (a and b} % 7 ™ % = . . e

1 2 3 2l <:”F'am1';; 5 ? T e T T e

Figarle(a)X-N (b) DiNanoeft entedi(lwcm PdiNaeoet drarge por e

24Fati gue Crack Growth in Additive Manuf ¢
Breakthrough in Additive Manzwfceditplei hgr haAMd e t rrethaloll
integral structures is a signifi®amtrimitliegt drnel @noc
application to the aer omseptahcoed si ntdausdaclyi ewid | f uretvhodrut
reduction and manufacturing cost saving. However, t
the AM alloys and conventional wrought or casting a
eval yatciomsequentl vy, restricts the wide-bempgliingati on
aircraft structures. I n this project, experimental
out to study the crack drowtmebbhavical padambetecsrt
1Bei hang Uni verrsiatoy@Qbua8AOd Rucn
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l oading for samples manufactured by the Laser Met al

There &y cthmriepuea h e presemtr er asedpodthiomesmt €lh i nvest i
on crack g¢werhdtecehraingle micrca ok sttirpcmalasur ement s on cr a
crack closur e, et c. to understandktheoiwbhddomni r&afk
par ampetreirdsy nami ¢ si mul ations consddeatiinguée hdegmaeati

The key finds in the phesleM®dl [Ty emiracrho satrreu catsu rfeosl | hoa
i mpacts on fatigue crack growthil behaviommat  hanadriamcks |
particularhg wsaghafitopssofacnatkel ds can be used to
andtfgue | ifeti;rhed marog oscedu rpaetrealdynami ¢ fatigue mode
both microsa@dlingteequaendel on dpedrilgue crack growth pr

Fatigue cracMigrowthugdatume effect

The material -aekbyremadenbiXMLMD process are differe

wr ought or casting alloys. The columnar ¢gheins and
LMD technology, while their mechanical properties
orientations ar &€idgRifZerent as shown in

The <crhacdke fplaetcti on i s observed in the CT speci mens

bet ween columnar grains and crack growth direction
showki gBI2® The scanning electrohRi gniblcsbswopbail SEME 1
defl ectidnby stdhbdeftawedelee t he expect edlcatalck arrioewt tha tdii o |
The fatigue crack Uleantdnss twh eproiohpsar geaat éek dsa;l}, lamfkigeh se i s

no longer strong enough tal oblggptlres,ellyutdetpleetpdthle st
l ocal | yi;saiemt|ly | arge, theUdraahl wilrlecpays Thisug!
the crack fgat dbehicpmtthrbad hs ngri ent ati ons tonextend f a
i Fiug2el5 the possible cithdak hpatohhs ewittah i @inf fdérsemti but i
peridynamics (PD).

o ,,/MPa

(a) (b)
Fi g2rMat egstiradcture characteris
grains and equiaxed grains, (
respected to d

idsa)armd tietr n ae¢ feflggctaromyetda
) str aeilnonfgiaetlido ni nr adtief fweirtet
fferent orientations.
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- 5 . @
X YN ~

w \ :
Gl ok
colymnar: grain

mnar grain

.

A -
columnar grain

uondap jeuopisodaq

Figar®rack growth paths in digeODéimeas6 Apro(0eAjatnedd (@T) speci 1
speci men .orientation

FigarZhe crack deflection is affected Wlyattthe amigd ret ateit avres
( a2 q (b g y (&2 : |

| o |
S | s/ﬂ/ ’ ol

Fiug2el ¥ he cr ack pdaetshiogmiegthd nthteat hsngrient ati

ons (Peridynami
4545/-45]) (b)) A45#7®BINABNHNO; (c) 75/

Crack growpbctatum | oading effects

Ai med at studying the mechanical parameters of cr a
di gital i mage correlation (DI€C)pmsethadni 6i addptbdfob
overl oad (OL). Due t oopehret ideisf,f etrheen caewe rilno apdl aesftfiecc tps
di fferent in columnar graiFnisgaded | & quisa xed egrveaeidn s ,h a:
ret ar dantcieosn adriestcaonsi stent with the intersection poi

|l oad between the before Fanddt&f ttearare@l.arwhibelni fslito
growth rate can be charadtiegriszeadimy ftihkd dsarbiedtoiren sa
above discoveries can be used to modify retardati on
prediction uddaeg. spectrum | oa

A peridynamic degradati eNn crmad/el aingd pGrooplareaend elgaisag d om
used not only to simulate the crack initiation 1|if

crack growth dcag@&r@Ashseshpweni dpynamic model give sati
11
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simple variable amplitude | oading blocks compared w
11 T T T T g 7 T " o 3 T T = 32 g T T
= Dbefore OL < L it
" e in re::rdalsonareqr' /1 1 ] . r:«‘;l:u?al-honaraa- i
0.9+ o’ o 4 05 - .
08 o ‘/I/ 08 - s
0 » et = 074 - »
x 06 » y/ 1 x84 - °
éus- : /'r-/ Eos~ -. » o
% 04 R 1 % o4 ‘.-.
o -V 03--'.-’
o -: equiaxed grains - o -:. columnar grains |4
ol Pix - 10 ] uf Pix - 10
00 T T T T T T 0o T T T T T T T
00 0s 10 15 20 25 30 as 00 0s 10 15 20 25 30 s 40
V (pix) V (pix)
Fig&tXY&he overload effects are different in columnar
Crack length (mm)
B 162 164 166 168 170 172 174 176 178 i 354 No. Ry Ry ‘{Cvm’x .R?\u.
} Coor T A PDA 01 I WIWAVA
»— 1.0Pmax - before OL | 304 A PD-2 01 0.3 ||/l
0.025 +— 1.0Pmax - after OL A o PD3 03 - ||
\ —o—Exp.-FCGR i o PD4 03 01 |[-L.J
e 2 ES iy
z 00154 \\ / i § EZO- : :xgg:gi
@ ko | 13 ©
/ : z
0.010 4 - % ( 10°3
LY 3 2t 15
0.005 | al _ =l _oeT
""’"’j’ttg?"rf?jaffr**%ﬁcs 10 4
R R T AR S S R S RIS oM 0 50000 100000 150000 200000
Distance from the crack tip (mm) Nicycle
Fi g22r®he retardation ¢ FigarIr®&@CGR predictions u
rate can be chariaatieor amplitude | oading block:
tip strain fields |
25Det er mi mnatteiBonnad IsiersgMeti et ¢ tMie ® th o d
The purpose-pobbmesmt acnbygkes is to determine fractur
intensity factors and crack openingtdi aptassment s, |
such anal ysleisne tshter esrsacnku st be known beforehand. I

engineering practliicnee fsotrr ewshsi cdhi stthrei bcurtaicokn i s unknowi
A typical exampl elaft edudio preebldem|l i Stresses induce
processes such as wedeadmigng faordiongl,d rvwdrlkinmgg. s hot
Key Techniques

A met hod for the -ldienersinmass ohr omm kmawhk crack mout
(CMOD) is developed in the present study. The appro
function met hotdj kenswwhecbempahaok and the CMOD is wu
cracikne stress is assumed to be either a polynomi al
By a-slgaiaagtes routine for solving the integwal equat:.
cracikne stress can be calculated. To verify the inv
geometry/l oading combinations are investigated, i nc
to sinus-bidal strek&, atadi aircouhar hole in an infin
uni form tension and a single edge crack in a finit.e

1AECBei jing

I nstitute. aiONSLemDdmawgtdii ABI3 @UNHt3e rcioanl s
12
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anal yticeaxlprG&GMGDO onskriowmPhddaawel IHandbookyrathe cal cu
line stresses are al/l in good agreement with the <c
inverse weight function approach provides a very e
cracikne stress from Dshe apnrde dweitlelr mbh en e d s eCIMOI for the
residual stress and bridging stress.

Resul ts

42 =0.01x =0)

551 6: ax g

800t s ) & 6 a _ B 6
®f] s AdOnfs xB)ds 0, [0 0 gz gil(——0.0ZX—O) g
&0 o 5 O o -

¢ ® o}

gl . 5™ e . & pam(-2-=003x =0) 6
s & N LS 3Onfs x B)ds O {1t fPd X GOS X0)ASS Oyeverreireires v 0 . 6% A &
EE‘E‘ 0 0.0%, g 52 0
80lan,, s B 0.028,5 s . 1.0, s B e oee . 0
2 f m(s ydOnfs x Q)ds ) mFDON(s x )ds-— , " ffs)fxdhsx0d g, 0X: ¢
& 9 0,012 099, g g P : é
ge % qee: g
Gen =& a

a g

F(—=10x =0) §

¢ Bmax z

15 T T T T T T T T
T T T T I — Results by inverse calculation
Results by inverse calculation *  Analytical stress distribution, Fig.1{a)
x  Exact solutions of stress intensity factor, Fig.1(a)

0.8 \\ T T 1
07
a6 \
0
05 % 03

nﬂ 05 1 15 2 2‘.5 3 35 4 45 5 R 4 3 2 1 o 1 2 3 4 5
1
S a a, @ _X\2
i 1+ (E)4 -(E)2 % S() 1 (E)
K=s,W B a u S - X\4
T+ 1 +()
[ c Y

Fi g&¥r®Compari son of SIF and s(x) from inverse WF and knov
pl at e, under welding residual stress

13
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—— Results by inverse calculation
o Analytical stress distribution, Fig.1(d)}

—— Results by inverse calculation
*  Tada solutions of stress intensity factor, Fig.1{d)

Ki{ovra)
alx)a

Q 0.1 02 0.3 04 05 0.6 07 08 -

pa
0.923+ 0.199(1- sif2 %)
K =5, AW E}C 2 a2 2 ) =1 x
pa 2 cog?2 s
2

Fi g22®n edge crack in a finite plate subjected

26ResearCchtdkasur eenehmti GauleMaitrer i Bil g iwi alh
ImagCerretati on

An algorithm of | ocating the crack tip based on di :
paper. The problem of |l ocating the crack tip is tu
building the objectivecdtuinen ifoinr d9tnlcy.udAmd tchreanc kt hte p
assumed in a format of mesh, nonlinear optimal prob
approach after an assuming crack tip iss.chDlien. The

research can provide theoret iFci g&dihso wso rt hcer aacnka | nyetai s
fl owchart of |l ocaFigg2aB3hawk thptatberdtbmri bution ¢
val ue -miord emicky ack case. The point which objective f ul
position.

2ZAVIKi rcraft Strength RIEANGT rdvendmisg6 66u®@le6 3. c o m.
14
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(\ Start )

Set any point as crack tip

Set optimal crack tip as
center point of crack-tip |—
mesh

Generate hypothetic
crack-tip mesh

Analyze optimal crack tip
according to objective
function

-

/ \\\ .
__—Whether or not the first- 1S
\\ time e
~_
/\!ﬁm
= i \\\
</’ﬂcck if the position error e i not
——__ crack tip accuracy requirement
~—— e
Set optimal crack tip as
actual crack tip
Y
Figx2®Bnal ytical flowchart of |l ocating crack ti
160
140
120
100
tip
Fig22®i stribution of obj-motdeverbdohctaser value in

Tab2lldwo types of displacement fields and correspondi |

Stress inter Coefficient val
Type Ki Ki i a1 a b1 b2
/-0 T /-O0OAT /OO@a [ MP. /00@ada [/ MP
Pure | n 10 0 3.989 0 0 0
-1 mi xed 10 10 3.989 0 3.989 0

Hereby two types of displacement fields Tabéepresent
221Two types of displacement fields and dowmor edld fdrediemd

t y poef di spl acement field and corresponding Will i ams
val ues are usedFiag22c® rdkd kg 22 eh opwo ¢ ihtei @m s p l-maocdeeme nt f i e
crack -mpndemcrxack Thes g®ot idiondagt .ocrr aocfk It i p is (4.53mm,

the coor dimoateorc rafc kmitx p iThr(od.gh7 mm,ack. InErmam)u.r e ment r

15
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tip posfiitguwmetadbd@tFriom t he TarbekeAhtaabyshns results of t|
met hod for the displacementifieladsdbafatcointbi eadenrtacdk
measurement techniqgue has much | ess computation exp
in both | modkl cmadé& crmnasekaods ¢

i
4 45 5 5.5 6 6.5

X/ mm

3 35

35 4
X/ mm

45

a) Hori zontiadl ddi spl acem¥éentt ifcal di splacemenbt) fi el d
Fig22&artificial di spmhoade neernac kartoiupmd t he |

.

4 45

X/ mm

4 45

X/ mm

a) Hori zontiadl ddi spl acem¥éeantt ifcal di splacemenbt) fi el d
Figa2artificial displ-meceéeneecpt a@ak ouind t he mi x

TabP2Anal ysis results of the current method for the di

Cracktip location Cracktip location Exactcracktip
Type lteration before iteration after iteration Final location error time/s
xmm y/mm xmm ymm xmm y/mm X y
1 2.00 2.00 4.50 4.50 0.219
Pure 2 4.5 4.5 4.55 4.45 1.000
453 4.47 0% 0%
mode 3 4.55 4.45 4.53 4.47 1.844
4 453 4.47 4.53 4.47 2.610
1] 1 2.00 2.00 4.00 5.50 0.219
mi x e 2 4.00 55 4.15 5.25 4.17 5.23 0% 0% 1.015
mode 4 415 525 417 5.23 1.812

16
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4 4.17 5.23 4.17 5.23 2.594

27Studies on the FatigueEDgmage’CBetnnuonor

The combination of theoretical researcdhed etxpest meynt
the fatigue damage behavior of active jet engine <ch
Firstly, as &aneaginatohewfonhethe experimental rese
uni axi al tensile test and DSC test to obtain the
parameters. Fatigue tests are performedf foexr essmtoot h

maxi mum stress and differ-entashressveatndsesrtdi bbéme
fatigue 1ife.

Fig22®Btructure | ayout of @Hdaotlen®ti nal wj201¥GC devi

900

59th Cycle
800 '/

700 |

600 -

Stress (MPa)

Strain (%)

Figaxzaz@&yclic deformation behavior of SMA mater

3 Civil Aviation University of China LIU Bingfei: Bingfeiliu2@126.com
17



A Review of Aeronautical Fati gupe7avBayl 2mtlegr i ty I nvestigat

900
800 |
700 |
600 |
g
s 500 |
2
g 400 r
D 300t
200 —— Theory
fffff Experiment
100 |-
0 1 1 1
3 4 5 6 7 8
Strain (%)
Fi g22®he ssttrreassn Ccwywlee in 59
900
N=59 N=146 N=1000 N=10000
800 - y
700 |
600 |-
E N=100000
S 500
?
g 400
9D 300t
200 |
100 |
O 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1
1012 3 456 7 8 9 10111213 14 1516 17 18 19
Strain (%)

Figa2&i mul ation results when N=1, 59, 146, 1000,
Secondly,-mé¢bleanihealmoconst i toupteidv et omoddeesl c riisb et htehne dbeevhee

memory alloys considering the damage. Based on the
t hat when the damage happens, the mass density, t he
coeffici ents pteecn sfadrc, htemt |, the specific entropy and
caused damage. The model is started from the secono
the estimat-sobomaioh tekasttorsbaptis pteaenteduwbdl!| byt |
i s ignored. The relationship between the evolution
cycles is then established according to the theory
strain irpelfaotri oonhseh shape memory alloys under differei
comparing with the experimental results to verify
di sappears, the model can be degenerated to the no
Fialn 'y, a finite el ement model of the jet engine che
software, and the fatigue damage behavior of active
and the mechanical behbut obps, sathabans dtsessbdt son a

engine chevron under different degree of fatigue da

18
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(a) no damage degrees (b) damage degree is 0.1
Fi g3 ®he max tiphkefl|lecgi oa ofievron

28Mat erial Configurational FRorr acpeasy aAtpipd n e

New fracture ciCifbpecieorcrftermea) adbased on the mater

proposed. The basic assumption is that the onset
configurational f or caensd rtehaec hcersa c&k qyrriotwitchalt akelsuep | a
resultant configurational forces. The experimental
proposed by wusing the digital i haog & ec arrviiddeadi icamn .p rlot

more convenient and accurate procedure to predict t
Key Techniques

The main concept is to present a failure criterion
are regarded as thempltemé&ntdatvbng Hbdbrthe.cdhé&igurat
el ement are presentCédrce€hernéeweryopropodedther vali
examples. We can concl udneo dteh actr atchke pprfraepdat geattdilooons boyf  n
are in good agreement with experimental data in th
based fracture criterion is validated tenosdweccessf ul
|l oading conditioma$. i mmgaddiorirehatiloea dieghihol ogy ens
of present theory to the aviation industry.

Théf orce Fracture Criterion

The mixed mode crack propagation will-shemetefilected
mat er i ad osrt muakieudd oadi ng with respect to the crack p
predict -nohdee mirxaecck pr opagation can be proposed acco

Strength and Vi Barnatliicam tofn gMe c h e

“State Key Laboratory for
jtu.edu. cn

Uni verLsli tQuum !l i @mai |.. x
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the crack tip corCffiogrucrea tiisd ragl e aftcarcdael £.Xx olemesi on f or ces
given as the rate of totaltipptaeduwdmde eanlecrmgy irted earsie
Anal ogo &sfloyr,c et hheas been given a precise and clear p
energy release by postulating that the crack wild.l
di rectasondeBicg@dbled i n

Fi g3 Eforce criterion in the mixed mode crack |
Under these considerati onsCiH oa creewve rfirtaecati wrne drsi tperoipa
basic stipulations on crack propagation wil/l now be

i) The initial crack growth takiep placg tmetdenfdi g.u

resulta@Gt Theciesitiation angle of crack can be dete

CZ
a =arctan=2
1

whelWies t h-d nckriancgk angl e.

i) The onset of crack gr oaea mf iogcucruartsi omhad n rtelsal |l tha c

overcomes the materi al resi stance. i . e.,

— 2 2

Ccl=Jq € &
whet€gei s the materi al fracture resistance which 1is
configuration and | oadkmgowiothadls ta okhksaowlTda@dge abdfue miox
extension in that it specifies the fracture toughne

Finite EIl ement Si mul ati ons

The specialCfbreat ment eof on to predicting the crack
be cddrarfd addressed by a series of representati ve
simul ated by using the finite element method for ea
is modified to take i ntoFiagc@Bo2s hows hehea ewumeraickalad
preserCtfeod cley cri terion are compared with experi ment

20
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Fi g3 Zmparison ofrajaeactkomgy ofwoh di fferent crack configur af
Cforce criterion and those by experiments.

Experi ment al Eval uation of Materi al Configurational

The optical measuri ngomredlhatdi awrsi (n@I @) gprtavi densa gteh e 1
the whodiesplta@ement fiel dqFifp23I g he damaged materi al

1 DIC ARAMIS
= 1

Fi g23Experimental evalwuation of configurational forc

29Nu merincad t i g a fTh n-@iesmeoms ilt Milex-ind dE# ast o
pl asft act uTh e odihg hc k @ eascRoeddi °e s

Based an memrsendl/ I-th8 dme xferdact ure experiments on an L
3D I/ | imodiexepd ast o c finite el ement models were estab
package ANSYS. The coupled emfadmgdoft hi t&knearsi 8d ode
stress field around the crack timpdwexenndnakywzed, an
B, and relative -dreengkt ho ped WN mogh dihsp |l wca@aedment curve we
showed that the angle of the maxodfriuanda asntgreens 9§ ad orsd tr
factprappeaer esdanet atnlgl e wi tiha neda cthh ei necfrfeencetnst ooff t hi c k
weaker with changeSgnh@ndhVigi tdh reeaccthi oinn carnegmeento fof t hi c
crack opening displacement curwegtwasa/aN, f eantde d hb y kina
thickness effect was stronger whracknogirrowt H olagn qitgh |
can be plotted with retemnehcepeoi hgedespkaceommanal cl
used to prekedadtinnBtaatcohracture experiments.

SNanjing Univer &As tyr ofi a heWAdsGawRtaigafdaing! i 2010 @163 . ¢c om.
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0.25 4
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- /.
U,ls, B=8mm @=( ] Tgg 1,
0201 J/B=0 riB=825E-3  —o—gylg, 3.~
P/B=2152.6N/mm R o
o (3
42 %
015} o
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410
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Figa3angul ar distributions of parameters near crack ti
angle conditions

6
0 —a— B= 2mm
5 @=45 —e— B= 8mm
B=14mm
ar o
=90
B
g 3¢t
| ) o
0r :f 0.0
0.0000  0.0025 0.0050
L " 1 i " L "

0.0 0.3 0.6 0.9 1.2 L5
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Fig23%®oad ack opening displacement curves for .different 1

210The Optimization andSubéaicgn PamhelComB@lsi
Aut omate FiBer Placement

Due to the devebopmemascefcdhmmpdico het rraaitretr i ap 581 minmue
designing methodol ogies and augtioensa,t ev afriiboeurs pal davcaennie
applying AFP to fabricate composite panels are obt
subject eefptloanteheproewstsur es, there are stildl many pro
mi ni mi zi nbgegthhte apnadn eolpt i mi zi ng the best manufacturi n
the opti mal designing of the composbde¢ apheelandonéie
routine of AFP.

According to the rseqsutiirfrefereand ds,, ogtt sk irluictt yw,r edur abi | it
mai ntenance capability, the structure is not all owe
can occur beforFe g2B®. uBesmdese, | whdn(the overpressur
damages of the materials are permitted in such a st
|l oads, temperature, seal adnts oc oonnd.i tTioo ng,aicno rtrhoes iloing hrte
options i nclsukdinngp atnheel ,t htihcek sandwi ch panel wi t hout

6AVIZLhenyang Aircraft Desighl &ntdi Rasgarthyjsési@ohe. com.
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stiffeners and the rigid stiffened panel are opti mi

Figa3&he Brdet amd dRecBrudc kl i ngctMpodat ofeaSDotubéreed pan
For the special characters, such as the irregularl)
panel under the comp,)itthe edndlonpdi sgmeomaddtaond fail.
The -piagsametric FBihed3le else metnitl i(zed to simulate the s

interface between the above two components is simpl
the process -midkcd b mgk lainmdg ,t hpogdltamagi ng can be analyzed
damage of both skin and stiffeners is detailed thr
interl aminar damages at the normal easd ohamgantsihalar
criteria respectively. Wi th the combination of al/|
procedures, the availabilityAldnd hwe rdeciitgyniarge aJ d loiwk
composi &eceonad meld . Finally, the analysis met hodol ogi e
carrying capability of the rigid stiffened panel Wi

& e B

-7 - 8

-7 — ns

-1  —

B &2 a top face -

7

-

/ thicknass 5
dirsetion 1 /

3
g 2 \__
>I< 3 bottom tace

dirgction

¥

Fi g23 ®he -playxa me tElre nsehnet! |

I't is known that the sophisticated surface of the ¢
di fferent positions. The fibers tracks of AFP on th
is inversed f acre twhe sier rfa pwelrasr tguwrctks coul d of fset t
cause some fibers overl apped or separated. Conseque
fiWemgl es in Iine with finite elthmendemoawrd sar &8 .5 ¢
the probl@&@mraefi ohi ewerds war ping def or mati osnt,i frfensewslist,i n
strengthcaanmdyilngadcapability. I n order to minimize t
structur aanwftapetrogredsasannde qual ity contr ol are taken i
composite panel is desB gakfilsefTheoedrfleaps, odndli gaps
structur al strengt h, surface smpateddesandanwadl isdatued
designing criteria as wel/l as the manufacturing st

optimized through imncithmegreohues aitcteeurraattieo ndse f iwhi ti on of d
of the comel panebmposit

23
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211Fati gue Properties of Composite Lamina

Fatigue behavior of composite | aminates with VID inm
damage tolerance research of Aer onakuitnidcsal ofc owpwen t
composite | aminates with the same thickness and dif
damage introducticomptesstsjomofmptéegsaskeonefttwgaud VID
residual strengAh testsame tiamej edamage propagati on
change of the composite | aminates with VID damage
characteristics of damage propagation, ldents hroewbound
that dent depth wildl rebound rapidly at the initia
dramatically thereafter, and the rebound rate i s v

propagation of ¢ onbpvosoiutse dmartienrgi aflast iigsuenotanad t he st
constant.

Tab23@est specimen information
No. -
- [ (N45)/ (1 Ply Pro Cor Thicknes
y
A 4.6
1 50 %/ 50 % [ (N45)s/s( 0,
B 4.6
[ (4604 0OMGE04 € A 4.6
2 6 0%/ 40%
N45) ] B 4.6

Length: 48,33 -2

ength: 32.84mm,

g ength: 40.27mm.

a) Before and after fatigue test of 1# Pl

TAVI C Aircraft Str e CHEMNGR®syeyafsediy 2| 0n0s8t @1t 2u6t.ec.o m
24
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b) Before and aPyfer fatigue test of 2#
Fi g3®amage i mage comparison befdrleg essnd after fati

212ANe Wwr edi Mdd elCof o oFait o Anwad y s i s

The fatigue choehraovdieodr LdDf2CoSr eand LD10CS aeronautic al

practical parabolic model of corrosion pits was ©pr
calculate stress intensity. I't is showed that the n
the traditional hal f ebhdptihealstard ssemiteinsélty me

After waarldgso,r iga hm was devel opeedotragoplrediactr ohait gwce all
all oy subjected@he¢ol iclyel pocedrioradddeatdy f @ira nEeineauivm al | oy s
Fi g4

8% ) .l: e
i ' .
] Cor r oPsii
o RET
[ /_7'\ P

A=
|
e - : A
h ot~ 5l

(a) LD2cCSr,r opdreed 1540h -<corrodehl) 16BDGCS, pre

B (0,a)

0 A (c,0) X

(c) theoretical cortbeiocoortpiced kLoumdasiwyn pits (gad)n
Fi g3 ®orrosion pit topography of Aluminum al/l

1AVI C China Helicopter ReseGQHEM Yaopgpnle veBopm@avi ¢t nsodmt ut e
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Cor
air
str
it
and
eco
mi n
ma t
of
of

Tec

As
reqg
sav
wi t
und
con
cor

Tes

300

340 . o TestData \ o TestData
R Half Semicircle Model \O{m\ ( —— Half Semicircle Modk
NN — —Half Elliptical Model NN — = Half Elliptical Model
320 N — = Parabolic Model N — « = Parabolic Model
\ N 250 \\ .
N, 8

300 N I \ 3
g Ny g \E
s d ol ® = 200 SN

280 - - N N
a A \_ n o300 « 8

N ~ .
. N
260 R SO
>N 150 -
240 Nk N
@ N P 5 ~ .
DQ\ NN ~N T \\ i~
220 100
.
10 N/ Cycles iy 10 N/ Cycles 1

(d)b2CScopre®ded 1540h( bL)D10CScorprreeded 1540h
Fig4®ati gue test r esul tcsorarnadd epd eadli ucmii nonns aolfl ctywso p |

213Techni Brueed ifcot€b n g o s Muelrhad feGoiupllSy asge m
oMi rcrtafts

rnosassc a major phenesmetneo nd atnmraiggeg eprdsnegs mau l drieat t hr

craft. Corrosion damage also can act synergi sti
ucture and Croegdwse oai rpa @4 fatk eleibfnepdl aAysodayery i mpor
is an ongoing, dynamic process that starts with
mai ntenance to assure structur al integrity anct
namml operational cost s, regardl ess of airplane &
i mize the weight of the aircraft, the materi al
erials, such as al unrienrugn halstoeyel tdand nsg a no ra.l | Tohye il

fimh ixed mandmrainals the risk of galvanic corrosion
a corrosive electrolyte.

hni gue Targets

everyone knows, corr-osnhnommitegtiagdiist eatremef gi k
uirements for aircraft design. Corrosion predict
e aircraft devel opwwiea tni annafait tingpdnteimkgbatciaon beosbmb
h expert systems and databases to allow a more ¢
er common marine atmospheric environment and so
sidered. The realization of corrosion simulation
rosion and the | ife evaluation and extension.

t Devi ce

INaval Aeronautical CHEBNI ie@lYliam® 2 @sitnd.udce@m
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hygrothermograph +— Micrometer
—>
I Platinum needle
] Humidity exit l
[ e { ................. -
L o i
Humidifier
Electrolyte
HumldltylnIeL_¥
v = - i
"' y I de_> Reference "'
Working electro

9 electrode Auxiliary
Constant temperature water bath electrode

Constant temperature
Potentiostat circulating water bath

Fi g4t mosphericréamtoonomeasluai ng device

Reference electrode
Air Pump

/ Electrode fixed plate

T Thermometer

Constant
temperature
water bath

Potentiostat

working electrode

Fi g42Pol ari zati on measurement device under sol uti

Key Techniques and Some achievements

A complete simulation Ypri exlilsapté cofrsntsnywsd tedfmy & e repkl b tpsi e ¢ ¢
unit, for the atmospheric and i mmersion corrosion o

anticorrosion design and outfi el drFingaidriatnédn gmece. Some
2-4 4

t est results of

27
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Fig24£Lompari sons between simulation and test resu

214ASEl i GehsMot i v RetsipooBh me | ded homo'l ogy

Bef oraece-stehrevioa s (AiSHiIi ¢ yt fl i ght, configuration state of
points gadomorAdSiEn fl i ght test outline, simulation and
control surface excitatiopa) Idanhacpuatnhtei ffyo ltlhoewi anagc es

di spl acement of the aircraftanvd bocanibae uveegolioe 4dt
monitoring at each té¢dbthepdynamiod a«S&biflliitglhtoft eaitr c
according to the Dynamic chlach@c taenpil $ttiuvdse off teixmmeé t ad
and r esobne ngcieveemn which can provide reference for A

Using excitation response analysis in ASE test flig
test flight, but also accel ertaetset tfhe gthets tmopnriotgorrei snsg
of ASE.

The simulation scheme of excitaFigh4® eismpolnisdcki n g tABE
foll owi(ad nsftierpns :t he ASE f I(ibghtbdti egt sstratcturp@adi Mtym;am
ASE flight test aircraft (massofastitohf hEegualindgiampi
to ASE fl i ghtdotnmeasitn peoxicnittsat itoinmer esponse simul ati on
(including structure and conts owerleawds tfeolrl;iasi hl eedr orness,
(dgcar dASWE ftloi ght test points, the time domain excit
rudder anadie¢hevanorstaxeceayarsd icmag rtieedt mawtanal ysi s r

processing, the peak curnme aeaumdvedbdnffenbamesmpoaosef fwie
classified and drawn, and the key monitoring points
damping and other parameters of ASE flight test poi

The simulation response of the wing tipiacucreel er ati

LAVI C Chinese flight t elseti neisntgaOb6lliOslh2n@lin6t3.. ¢ o mE | Mi ng:
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A Review of Aeronautical
2246 the simulation
2-4 7
7 aircraft l
52 configuration
= —>
;’ dynamics model
=
o
o
4 flight test
Lol status piont establishment of
3 y<__simulation and prediction mode
ﬁ of excitation response
g
simulation and
prediction analysis of
excitation response
analysis of results
Fig2d4®SE flight different
Antisymmetric Aileron Sweep Dwell 0.3° 10.5Hz 0.89Ma 8000m
1.5 T T I I
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Antisymmetric Aileron pulse 3° 0.89Ma 8000m

: ’ —+— Left Wing Tip
] — ¢ T k """ Right Wing Tip |

MAGNITUDE ACCE (g)

4 : . i i
t(s)
Fi g4 ®h e r ebleattweoenn t he acceleration of the tip of

215ThE | JndTechnol odHg | o€ RopttBerr aBassed on t he
Fi b@prt iSsaBor

The blade strain refl ecttismé | cdaydrea rhiox arhe ashwarr eamd retr i eft i
predict t he anodc atlehtilhsodd cahatpg,ovi de reliable evidenc
i mprove blade structuThe amwmd kiimgr ene i bloadne ndu alfi the.l i
speci al , t her e are somef ptrroabdietmsoniad teHe capptatatsit
measurement of helicopter blade strain, such as | ar
The fiber grating sensing technology concentrates
for mi ng-da sq ua Diuftiixoend, pqouiansti sensor array and having t

and st riomtgerdretrienc e capability, especially suitabl
heli copflee ddvaedlecoped FBE&sstswpshemitrboapplied to hel
feasibility of applying distributed FBG network to

Comparative test analysis

The comparison test between | i ghetc hgirod toignyg wtaesc hcraorlra g
t he resul thotshh onveas urheast mai nt ai ned a good |l inear rel
data measured by the former is 1.22%, while that of

the fortnmeerr tilsarbetthat of the | atter.

On the physical simulation platform of bl ade flight
section when the 1ight grating measur ement is used
result sHdwsrt gatattilnegg can monitor the strain condit
ti me, the symmetry of the curve Aledfdneccltisls ét oid,tb etrhe m
grating can monitor the stralntcomedi aindnt b wWheé abld
comparing with the data from the traditional strain

1Chinese flight test esawbtashom@ayou. cGHHENG Wei zhen:
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1549.313 -
1549.300 — leaving the platform entirely strat contact with the platform ‘%—_
1549.280 - = Z:
515‘9‘260_ E T~ acceleration ‘-‘l*l*t‘ll’l'ﬂlmlls‘op deceleration isceierniions] %
§‘I5494240—
i constant velocity constant velocity
1549.220- E
1549.200 - t—'§_ ;
= flapping angle increasing flapping angle decreasing §
1549.187 - Y 1 ¥ ¥ i %_ 1
B s 10 15 20 25 2
% Time(s) ,_:_:
Fi g24®8| ade BRG fsdcagdad ot i 0 @
Fiber grating strain airborne test system
The FBG strain airborne system is composed
power modul &s as\&Ewempa4@n ,The system canursei
di stri bwitseed sftlraag n and the azimuth signal of
mount ed omnttoop hab ameé motates synchronously wi
measured by a reflhlk.ctive photoelectric switc
g
(e ) — ¥
f i =
%)Ekzimuth angle signal demodulator) = ;
= . g
f f
( Dedicated power supply unit |
&)
Fi g4 ®i ber grating strai airborne test
FI'ight test results
According to the test flight ine, the

nvestigat

of

muhlet aneo

t he
th t

syst

test m

airborne test equipment andicgen@®n&Ei g5 Bhbwt hbet est

measured blade profile strain ti

theoretical analysis
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12100
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§ oo

aoo

£ 100
Figas®easured blade profile strain time history and
1= A
R R N e T
Fi g Beasured blade profile strain time history and
Figasanki g5 d3how that the measured strain histor)
of the blade under flying conditions; the mean valu

and ®otri agmownFiig@254 The r etshuatt tshheowperi odicity, regul
magnitude of the FBG measur ement resul tcaname t he w

mutually verified. The measured value of strain gau
wei ght and speed of the helicopter by the strain gal
Therefore, it thefsasiabheutso nge&BGr en the rotor bl a

T A PRl Tl Pl T A W ;51:‘:.:‘.:;
von AR AR oAl Sl AR TlA R W&M\ /“,aU{Vf\\ N%UA\ (AR LA IR AR N seceron 3
2on | T T \5/ LA “’\“\;/ \;’/ 1\}/ \‘5/ ”tj/ W\;{/ .

1 2 3
time (=)

strain(P £)

1000

Figagdeasured FBG strain history curves
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measured blade section

Fi g5Mean values of the four sections of the blade m

3. APPLIED RESEARCHESON FATIGUE AERONAUTICAL AND
STRUCTURAL INTEGRITY

31J1Assessmemaf tofStAiucecmur al Service Life wus
Met hodol ogy

Aircraft structur al service |ife assessment with hi
Aircraft Tracking (1 AT) Program an8PBMyuckturtahe Pstoat
ot heert | AT progr ams, fatigue | ife analysis and crac
di fferent aircrafts vary from each other based on d

Concept

This research proposes a generalized correction met
or damage and crack growth rates (CGR) between test
correction rule and &€rGtRe limearscaliagof crackitiationlife @ damagh e f or m
(as Eq3.1 andF i g 81) esed for crack initiation modeling, the latteticve | i near (@caling of
Eg 32andFi g8&2)esed for effectivmeoddlock approach ( EBA)

Life, / Life, .= Life, ,/ Life, , or Damage,/ Damage 3T

IAVIChengdu Ai ranmRlete aBd iyl e Hodhwinken 06 037.9@126. com
33



A Review of Aeronautical Fati gupe7avBayl 2mtlegr i ty I nvestigat

CGR,/ CGR,= CGR,/ CGR 3y

where the subscripts 1 and 2 represent tpaedtested a
ei ndifcaé¢ édacnfdexdp er iomemstpalct i vel y.

Fi g8&¥Fel owchart of application of |ife correct.

i
] . —_—

Crack
i CGR |
| :- = * growth Life
: Baseline test spectrum , iy
CGR correction
| S d o B i Bco Ml
! Material data i LEFM > rule - 20

Fi g&%2Fed owchart of application of CGR correctio

Application

Accordi hfetentd management philosophies, structural
life referring to crack initiation |ife or maintena
interval with some safeny Basddron akemr é :1d¢ rot atoinvsd de
opti mal durability analysis can be selected from ¢
i mplicitly in the EBA approach, and the optimal dan
modellsi dimply in the EBFA gaBBper oach, as shown in

i

Durability analysis > Durability life
1 CGR cotrection rule '—) Damage tolerance analysis [gd Inspection interval

Fi g&#3Fd cawmwart of procedure of DaDT analysis

Case study

Case study of S 0 me bul khead representative couport
i mpl ementation of generalized correction methodol c
validated, and the opti mal model for DADT analysis

34
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1E1 1E-1
g da =z z da
8 —=C(K)" & z = =C(Ke)"
E, 1E2 a / E g 1E2 dt ’ /
giss . Spectrum1 % — spectum2 | §1E3 Spectrum3 |
g & © 318.66 MPa £ © 332.02 MPa. £ 8 © 33202MPa
21e4 al X 2495 MPa § X 349.5MPa E 1E4 (S X 349.5MPa
¥ / A 363.2MPa % A 363.2MPa < / A 363.2MPa
8 1es — Paris EBAfit g __ paris EBAIR E s i emat
100 1000 10000 100 1000 10000 100 1000
Stress intensity factor, Krer(MPa mm) Stress intensity factor, Ky (MPa mm) Stress intensity factor, Kie(MPa mm)
FyuB£4CGR vs Kref for the representative coupor
Experi mental -tCGRe fEBA odFrga@giivdetn iisn shown that EBA m
reasonabl e representation of the experimental CGR,
| evel compared to | oad sequence.
For the tdatcaliloyhN&papspeasead hEBA3 approach (i. Wal ker ¢
model i mplicitly in EBA model) should be selected
damage tol eFag®&®iesancaolryrseilsati on pl ot of predicted i
35000 ON A35000 EBAS ” 10000 EBAS ”
;aoooo 1.5'x, . 15% , ; . 1_5*),(’,
EZSOOO // j E ///
£ 20000 yad LA £ g so00 ‘ _-”
3 - .-" x5 3 £ g -7 Tx15
5 15000 ,";" —= 5 2 4000 v ’ -
10000 ‘ ’/;‘/: -7 % g 7 ,,"
3 5000 o xadt £ oo g 200 F e
o L _ @ Dt |4 p
& —y=x & —y=x a . z- —y=x
D" et dubiy e SR ° 7% Testdurabiny e SFH) L restifeimeral (sFH)
(a) Dur ablNaiptpy olaicthg Dyr abHEBIABPYPTr biafcd) blyi f eEBM3t er val by
approach
Fi g8&5Correl ation plot of predicted |ife and t
It has proved that the prediction accuracy of gener
the selection of DADT noidoen sme tThhoed od eorgeyr ap ri czpeads ecdo rir
anticipated to provide highly accurate and reliabl

aircraft under operational |l oad spectrum.
32Research on the Airworthinesrsudtourpd i anc
Thireseamalhyzes some regul ation requirements closel
technical road map of the devel opment and verificat
Regul ation compliance anal ysi s
Materi al rBeagsleidr cameat theer. ovi ded by the material suppli
screening test could be conduct to prepare the dr a
i mpl ement PCD Awudeéenmnt i fmadc &trii @ah foore arcicels sp eargf acromeprr ceet
dat a. Based on the data, the first draft of materi a
the applicant formally submits the type certificati
and thetthaearattyoiauaccordance with the FAR25.603, ar
pl an, carry on the test, form the for mal materi al
specifications and material s t leatusmaetf otrha erteadg Uierde rs
design and validation.
Process rAqubrdmagt $o the design characteristics of
applicable process methods, the applicastionouhd pre
process specification obtain through el ement tests
temperatur e, time and pressure. The porosity and m
process parameters od. the materials are deter mine
Then, within the requirements determined by the p

1 Shanghai Aircraft Design and Research Instiotft€EOMAC. LI Weiping: liweiping@comac.cc.
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manufacturing process of specific structural parts
scheme, the process schemearatn)d, tthlee fprrand engys pproceesdu
compiled. the mapafacmanuhgcsuudpg PPEM), the therm
mechani sm testing and other tests are conduct to op
Synemouskdyestnrounct i ve inspection (NDI) the standard ¢
Finally, the various for mal process specifications
subsnite <certification test pl anc aotfi omr otceessts, stpheeci p |
specification can be effective and i mplemented. The
and PPM implementation plans are submitted to the
prediction, a malnluy agrnadwasce caer tfairn types of parts
process procedures, thus completing the compliance
Mat eri al alThewablypi vall ubayups of l aminate are sele
Standar d ionfe sasi rawoprrtohv al The materi al all owabl e val
statistical analysis of testing data, and wused for
generally required a compar ieroinalwidgthp fdlhieermr etl® veamg u rt
bet ween the processing process method of the user a
Structural Adesi ghheamaeeri al and process is determ
structur al el ement amrsei dteersitnegd tfhoer sdteashbilgen avnadl ugeu acloi f
results should be approved by authority and the de:
details are used in structural design and strength
Test planning of c¢cemposite main structure
The recommended compliance strategy of composite st
verification building block could be divided into d
airworthiness tests for verification.
Level 5 i

T 2

n L @

g Level 2 : _

ad 2 L 3

= g

& { A

z Le\'//el

Fig&%GBeui |l ding block test | evel

Devel opment tests for design and manufacturing.
I n the development of composite structur e, engi neer
ouats foll ows
Materi al rreisael a rscchr:e emmaitneg and process selection are
out toget her. It is the responsibility of the mat e
knowl edge of the process. The osruptphe epr oscheaslsli npgr oovfi
materials under the technological conditions of its
selected materials under the conditions in which th
and ecnosnusriest ency between the process conditions of
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Process research: On the basis of preliminary deter
parameters are determined through temdfngatTloasf ar m
established.

Prr-ReRarts Manufacturing: For all kinds of structur al
design and manufacture needs to be studied and cor
cutting edsbuaraccardadf ngt twcthreetyprefsi gur ati ons.

Structural parts research and development: This par
selection test, including panels (plnanelhaend ecwr ¢ted s
applied for structural det ai l design and selection,
details, d@nalkgeiascmetahd verification.

Al l owabl e values and design val baschBefomapphegptes
be carried out for structural design, taking into a
process specification is determined or approved, a
det ai Itead sdtersuiicgn and validation.

Damage tolerance: The | oad spect fHwmdoft ruammpdsdsiotne sv aw
determined by sample fatigue test. The damage chara
i ncludingitme oif nthnramdufcatct uri ng defects and i mpact d

energy of the damage need to be obtained through t e
in service must be covered. Thoef oo aly piess toof wvdearmafgye st

VI D, LVID, discrete source damage, abnormal damage)
parts. I n this process, the acceptance requirement
i nsipewr t oiustsltiabele d .

Repair considering: The repair requirement should b
repair design, repair analysi s, repair tolerance, a

above repair nredchoweraynds tsdulechgheh veri fied.

Airworthiness.vAccbidabhgonotebe conformity analysis

the airworthiness verification test is-106@Braed out
foll oweud.d Iptayshaot t enti on that the strength verifica
rely oonalfeltiest. I't needs to plan the building bloc
to structur al characteriswaorctshiameds sp rwecreisfsi cnag ti hoond st.
approval by the authority, maintud awittumeé ssgescondpPp mod ¢ §
and eventually obtaining airworthiness approvals fo
Mat er i al s: hTohud da ppprieipcaarnet sspeci fi cat-siohe BGD aundite t
During PCD audit, the material qualification test p
be witnessed.

Process: The applicant s hsoub ndi tp rtehpea rvee rpirfoicceastsi osmp etcei s
for approval, and conduct psiotceswi tvresd.ication test
Parts manufacturing: Fowxiall phirnds amfd stiht egtr @ad almop &
of tipe acpnieon verification Test (PPV). -sTihties rpewicesvd.ur
The results should be stable and accepted by the au
Al'l owabl e value: After the process specifedation i s
out . I't is necessary tenvomnsinamemtshe influence of v
Structural verification: Validation tests are carr.i
and -sfcuwallle structural component s.

Damage toleranogetubaltimgltHbdatsdon, it should be ver.i
of 5 types of damages identified by each component
Repair: The repair method for each dceosnmpgonn e nrte p(arierp a i
analysis, repair allowance) is validated and incorp
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in conjunction with structural verification.
Conclusion

Through an analysis of the airwoirthisessnclgdeédemea
I

is sufficient experiment al support, contro abl e r
proven configuration state is the fundament al guar
structural @aahnhs| mpodt arst aprserequi site for the des
structur al parts to obtain approval from the author
devel opment i deas of materials, tpmagceswer ideaesiagn,on
mai ntenance of composites, and plan the test tasks
of development and verification.

33DamaTgoé erRescaarCompodat &r i al

With the gradual application of composites in the main structure, COMAC began to study the damage
tolerance assessment technology of composite main structures. The main work carried out are damage
threat, manufacturing defect impagisearch, composite fgtie analysis method, composite damage
tolerance analysis method and damage tolerance verification research.

In thedamage threaCOMAC has analyzed5,000 aircraft damage data in nearly 7 million flight hours,
and the energy levelf Type | damagéas leen determined accordingtteezonedivision. COMAC has
investigated the unexpected impatidentdata and runway foreigmbjectfrom 4 ClassiC, 4 Class4D,

4 Class4E, 2 Class4F, a total of 14 airports in newrllO years.Damageresistanceest, impactor
equivalencesimulation test andentrebound test were carried out to determine the energy level that may
occur intheoperating environment.

Fi g8&%Gr ound Vehicles around aircraft

Fi gwB8kempact Damage on Sl at induced by Maintenan

1Shanghai Aircraft Dexsfi gilOMA®@®. Research I nstitute
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Impact Energy (J)
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Tool Using Position

Tool Number

Fi g&#9Mai ntenance Tool Statistical Analysis
In the manufacturing defects: In recgetirs, the statistics analysis of manufacturing defects introduced

in the whole manufacturing processsbeen completed, and theeasurabléndicationhas been studied,
and thedetectableand acceptable limits have been determined.

So far, COMAC has caiied outmore than 30,000 fatigue and residual strength testswétiufacturing
defects andmpactdamagein types oflaminated platestringer compressiorgheartie pulling, frame
compression, frame four point beénd, co-bonding interfacedur point beding, co-bonding interface
eightpoint bendhg, stiffened panetompressiomndshear curvedpanel under combined load, efthe
propagatiorcharacteristics of initial manufacturing defects and damage under repeated loads are studied,
and theresidual strength of the structure is determinéavas used as thieput of avoiding harmful
damage expansion or nextended design in the design. The above test results are used to support the
development oEomposite structurtatigue analysis and rigial strength analysis method. The fatigue
analysis methodf damaged structure underptane loadindias been completed.
10 20
r Test data 3 Test data
8- Analysis data 16| . Analysis data

12

Contact force /kN
Absorbed energy /J
©

Time /ms Time /ms

Fig&#r@®@mpact Asuallxypearsi ment
COMAC has completed the research@amage tolerance verification based on AA2JB, which is
used to guide the setting ofspectionthreshold, the method of inspection and the determination of

inspection interval, and the analysiad test matribof damage tolerancand verification métod of
composite structure are worked out.

39



A Review of Aeronautical Fati gupe7avBayl 2mtlegr i ty I nvestigat
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Fig3#rfension on sample with gap

Fiber Failure Debonding
Fi g3#rZAl Model of Fuselage Panel

34TemperCGotnu Pagrla mPeamanst r Hetliinogo patfer- Rot or |
hi nFgei Tg$e

The DBhriangg e saedlpdlbiréscati ng bush materi al made by POM.

Drehg nge was oscillating perifFidg8&rdd.| yT hwei thhe apgr occdawcsiend
selldbricating bushing to rise and the damping value
a helicopnge ubertifcrathegt fgéheetitattiroamnsf er model , cal c

heat of-hithmBie gd@iakg The heat distribution is calcula
maxi mum temperature of friction pair contact surfac
soft wa rset asttted asdoyl si mul at ed t he heat transfer process,
of the frictihomgrpaiwhemf tthtee hééd agopter rotor was run
equi val encaceuroafb | feattiegsute € qgqbir pmeahi mg,obkisredlIfl y determ
temperature control parameters of the test device.
demonstration of the f at ifg uddriadggrdaudielliifct ayt itnegs t b uosfh itnhge
provide orefferieaa@ti dn heat generation calculation ar
articulated rotor darbfriigurtaRfnigpdr Gheehli ig@gd et er sel f

Friction interface.

Friction interface.

Fig3#rBchematic diagram of friction heat gener

LAVI C Harbin Aircraft Industry Group Co, LTD. MA Zhangqi
40



A Review of Aeronautical Fati gupe7avBayl 2mtlegr i ty I nvestigat
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Fig#r®verall temperature distribution resul:t

38 |
IL
-

L B
0.4 3

Load

Loading sleeve A
Titanium alloy bushing _ X
B | L
- N o
e ¥
N
- :
Rotation shaft—"" =TT AN
/.—/ﬁ o )<I
S| NS
N N
N\ J
s
/// IV

Fig#r®chematic diagram of test device

160 ————————————1——

—o—35°C
—0—30°C
—4—25°C Tem- |
—v—20°C

‘Water-.7

20 ——— —
0 2000 4000 6000 8000 10000 12000 14000
Heat transfer coefficients W/(mZ2+°C).

Self-lubricating bush max temperature °C

Fig3#r@&emperatur et @anisami &lultoynbudshing under different h

35Re s e aBe bk IFinnigRelhea v iFo $ e ISth ig fe fPa nle d

During the catapult | aunchcaanrd etrh eb aasrerde satierdc rlaafntd,i nbg

tension field at fusel age panel wi || induce additi

decreases the fatigue behavior of structure and cha

wasonducted tphrionughbetntdri engg s pfeicelnde ns pwairt ht @ esisu dyn t

beh

obtained from engineeringfaeinguenl fielduthesrwer &hd

buc

can be determined during design process of stiffene
d

avior under repeated buckling. Critical buckling

kling fatigue test under three different | oad | e

an the design service goal of the aircraft. This |

carrier based aircraft during catapult | aunch and a

LAVI Theirst Air.cr afLtl Dmeatdiptgun@le6 3. c om
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Fi g3 ®hrpeei nt

lbeadi nigew of specimen for tension fiel

Fi g3#Y&E buckling analysis of test speci men

Fig3Ir®ailuretfspeairmemnf

S 70
§ - © Fatigue Life
EDE.{} b mo = Median Fatigue Life
5
on
= 5.0 A
= [a] [a)
S
T40 A
830 - com o
5
o
g0 ‘ |
4.00E+04 4.00E+05 4.00E+06
Cycles
Fi g&2®urve for ratio of | oad and "cR=i0t.ilc)al buckl!l ing |
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Fig#2Rel ationship between | oad and tension fie

36Desi gWerainfdiTeahnoh ®g ya doad re r a hare@ea fe
Int e@rradét ur e

Application of the integral strucigne RHaerkbeeamst sl
di fference of | arge size integral structure and the
absence of fatigue sources such as rivet holes and

structuresherHowesmemescedclkl|l ement such as rivets, v
tol erance perfor mance to t he integr al structur e.
characteristics should be paid on the integral stru
However, itehnecsiee sd ecfainc be i mproved through the detail e
the integral parts may even surpass the assembl ed s
Due to the good fatigue and ampsbvedtdeaeagéettbher &)
promoted by many aircraft with |l ong |ife (such as |
Based on the conventional cracking mode, a finite

Factor (SIF) of wabeeshtabffahedt bycstmaéi c anal ysi s

cracked structure. I n view of the numerous possi bl
structure, the sensitivity of the daambgsettoteumeceo
SI'F was analyzed and studied by wusing the gl obal S
analysis method starting from the weight reducti ol
According to urdcarcy,l caulmddeln ibocl uding optimizati on
and constraint conditions was established, and the

out. At the same time, the technoragk ecft edethamr miomi n
wing spar in the design of the integral structur al

| arge size integral structure was verified by fatioc
analysis Impdeit e fFamiague and damage tolerance perfo

transport aircraft were evaluated by wusing t

hi s

1AVI C The First AircrafdgaKerszyjt@ted. comHANG Yanjun:
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Fig#¥2Pamage tolerance test of integral wing | o

Fi g8&2Fatigue and damage tolerance test of integ

37, nfl uence of Bonded Crack Retarders on
Aircraft Fuselage Panel

The effect of bondeude ccrraacckk rgetoamtdhe rbse hoarv ifoat iand r esi
panels was studied througlh -2JhZen3)eddrsd oF r3eibmafscerl d enck
(SR, -2SRan-8) SRThe baseline panels were d&urfveadnefsusel a
As for the rEi g82%,c eadr gpcakn erl est d2d €1/ & Ma Be wefr eGlbamea e d
skunder each stringesrtramdyebest waadmnagdijteheeendti recti on

circumferenti al skin crack with a |l ength of 25. 4mm
crack growth tests were conducted at axidalt heonst an:
adjacent stringers. Static tests were performed as
withbawoskin crack. Significant retardation was fou
retarders Fig&2®hWwhhinhhe same skin stress, the aver

reinforced pa#f¢lSRacSRbout 2.7 times of that of base
ofeirnforced panels was over 37% higher than that of
The fatigue crack growth behavior was also predicte
closure technique. The residual -sécteiregni locnwiatsGoamal y
consi stence was found between prediction and exper.i
and the influence of the | ocation of bonded GIl are s

1 AVIC Aircraft Strength Research InstituteZHANG Haiying haiyingzh13@126.com
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Fig&22® The analytical result shows that the most da
number 2 due to the higher pFing®&o&db3msd swdfher ence |

fatigue reliability Ilife with reliraebsiullitt ys hoofws9 5t% aatn
fatigue |life of the structure is in good agreement
Fatigue testing is carried out on the MTS testing m
the structnurad. rExspudrti nsehows that the fatigue I|ife o

the predicted resul tas whaown aifimeTdmlrd aF.eBDod8&ti on i

the hole of number 2, which nde apns tg@dtehso wish et haec c ur 2
failure fodsdelh@&gevid@gnnecti on structure.

Fig8d2®etails of the structure

Fi g8&2®oad distributions of the stringer and

NFORC2

(Avg: 75%)
19233.58
16812.69
14391.79
11970.89
9550.00
7129.10
4708.20
2287.30
-133.59
-2554.49
-4975.39
-7396.28
-9817.18

Fig#2&o0ad distriberion of the fasten

Tab3tléati gue reliability |life of the detail:

Detail No 1 2 3 4 5

Nos/95 761613 459577 2426572 7213291 47920345
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' i
:

n
‘ %\

A

Fi g8&2%®ai | urst rou c ttihree

Tab32€ompari son between FEM analysis and fatigu

FEM Testl Test2 Errorl Erro2

Characterized lifé Block 403 579 309 -30.4% 30.4%

39Vi brati on Moni t QArcicnegs saorrdy AMeaahrgbsonxe oofh Ae
FIighlt Tests

The accessor yemnggeiammred oixs ofseadertoo fi x and transmit pow

pump and alternator .etc. which is essenti al for o
exciters and is impacted by engine vibration introd
gearbox appears fatigue crack, bearing and gear wea
oil l eak or transmmiessstison whaiclhurree sivent§ iinng hffiignhatl Isyh ut ¢

KeYechni ques

A vibration monitoring has been researched to monit
vi bration of accessory gearbow, bamadiwhi ekcdatetaswas
gearbox in different states. I n addition, the vibra
I n the project, the fol(awemigmd ecdlind wluaetsi avre r me talda d ¢
chariasttied quantities of acceé6blyiprgeaomoxmomas obeeang
has been researched;frwliuemcygamwi(bcdapa loywoe ihgpegtoh od of
vi bration exciters has bedd eessttaabblliisshhneedn tf omme tahcocde sosfc
baseline in fight has been devel oped.

Application effect

The vibration monitoring system has been installed
component vibration of actcasdorighgedriosx, havhi oberir
5Hz~10kHz, t he OpaWEelssdingg es e war error), the outopu

1Chinese fl i ght.LtEds tX:i6elaOafhd O 6s2h@tegn. ¢ o m
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broadband noise c&mgltgkehi systed wpr &y fftggmI Enci pl e d
is system physical map .

Vibration
monitoring system
Airbone
vibration signals Acquisition dedicated
for 4 channels »  boards of collector
Frequency range »! vibration
5Hz~10kHz signals
Airborne
Speed recorder
regulator it
Aero-engine N2 Aboqugt:;n Output A
signals 0aras parameter| Airborne
Speed speed signals P genera PQM
reguletor 422 collector
PCM
trol
Control boards v
» TRCtime
boards
,,,,,,,,,,,,,,,,,,,,,,,,, ) telemeter
R o
A

airborne /L

ground
ethernet v i r
Upper computer | M;?:\;?;zg — servers [«<— telemeter —

ans

Fi g3 ® st em gwoprrkiinnci pl e di agram

Fig#3 B stem physical ma p
Fig83Z2s system physical map the changing curve betw

accessory gearbox calculated by system agidnélight a
high preéBRfye Tbéorule can be defined that the chat
N2, but they wil!/l increase with flight altitude sli
set which is thermaionf \aickcresstsioarny execir box in various

anal ysis ccdamgd3& seen in
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[SINISt ) STl
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83 3

0.0 3

12:41:44:770 12:58:24:770 13:15:04:770 13:31:44:770
TIME
Fi g8&3Zhehanging curve between several paramete

wvibration

frequence

Fi g&#3Pata analysis chart
Finally, the flight tests data in different vehicle
baselinesyofeac beshsoowk infgla3 ¥ht whi ch can be used to fa

¢ hp=BKm & hp=BKim

¢ hp=GKm / & hp=5kim

O hp=5Km / B O hp=tkm 1

@ hp=11Km / “ hp=11Km
the & hp=18Km T the & hp=15Km
troadband [| O p=11km { 2 g component O hp=11Km B
vibration of O hp=ekm | - r wibration of O hp=8Kim
engine O hp=18km & engine O hp=15Km
accessories aceessories

,
/
-
~
\ . . . . a \ . \ . \
75 80 3 El 5 100 108 75 &0 @ a0 % 100 108
N2 N2

(@Yhe broadband vibrati(dmedfc oamp@inree t ai onded sasxdcrieicessoa fi eesn g
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% hp=Bkm a
& hp=tkin | 5 hp=Ekm —
| O hp=Bkm O hp=5Km TS
y & hp=t1Km || e & hg=11Km 7 N
N y & hp=15Km H ¢ hp=tékm S AN
© O hp=t1Km component O hp=11km N\
broadband Y ER vibrasonof || 0 1F Ve o
wibtation of \ O bt aircrat o
airoraft |
ssssssssss
i R
—_——— -
. 5 , ;
75 80 3 50 E3 n s 75 B & ED % [ s
N2 N2

(cYhe broadband vibratiofdbeTaompopatentavcbssaoioaesof airec
Fi g#3%&he vibration baselines of accessory gea

4. RESEARCHES ONWIDESPREAD FATIGUE DAMAGE

41Fat Cga@kowr edi ctVeonf anchdt chusfedPRgel s
wi Mbl t $ pDaena'g

Wi despread Fatigue Damage ( WFD) i s recognized as ofr
especially for aging aircraft. l'ts evalwuation prov
tolerance design and anal yeids fdecawmsesofi nmany estsr U
|l oading and assembly fobenscofdfireéer endi innfrmech bir sl & hoil

problems: crack cxsackssi nediserebae onnmaed overl ap
cracks propagati on anal ysi s wi || i nduce incorrect
engimgemeéet hod face the difficulties to obtain stre
mul tiple cracks. Comparatively numeri cal simul ati or
owing to its independence oyf acprpalcyk Fgienoimeet re lesme nEn (
evaluate the airworthiness of metallic structure in

the coordinating and automatic pam@agamp dinc thtetd ave e n
prediclti fMSD

Basemr t he secondary dRAQUD pmest papectivbh!|l oprAvi de ar
to analyze the fatigue cracks growth |ife of aircra
of panels subj ectaed itso sitnudeirenda |t o rveesrsiufrye tlhoe f easi bi

Based on | meeadamanheatyur edhrowtrmOrdmpgtehMSD structures
| i mi tlAd® &s The propagattcomackength of each

Da =f (minDN)
i=1

wherDNi s the cwhleenv emruymber ac k propagaté‘(X)liIsecrrnialcikmum |

propagation function; n is the number of crack tips
The stress intensity factor K of structures under c
in smal/l propagation |l ength; Conversely, K depends

1 AVIC Aircraft Strength Research InstituteSU Shaopushaopu_su@sina.com
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spectrum. I'n order tdédadeomeasn®uinlhe Kumami bal oddlad e

_5j+1 ai

i1 T Si\/@_

where S ,,is the current loading stresss; is the loading stress at step i (when FE crack nhindel

K K,

created); &, is the total crack length after loading stress ;4 is total crack length at stepK; is stress
intensity factor at step i. This algorithm can quickdyculate the stress intensity factor at random loading

stress, and reduce the crack length calculation.
Considering-lthemi geefle¢typef stress intensity factors ¢
we propose the foll owpngdccackMSPr bobwfbhb: model t

wherYe is the effectiveY+strie¥s ¥t enshcaynef mat er | al

paramet ese Kesgegaotei-tagnjlg [Ht ress intensity factors.
has been verified by CT model test.

I f the crack growth | ength and Daacd&, pahé dewectaohk

tip location atx,s¥ep)irh, EGarteeenanascoordinate syst
foll owing:
For the cracks in plane:

€%, 1= X% 4 SIgr( X, - X,) Bosg
%yi+1, 1= Y. sign( x - x,) Bing,

For the cracksi Ringe#lkeve (described

Xi+1, —1: )§ 1 +S|g|"( )u(,-l' )gz) QOSQCCOS@)

L
Yier, 1 =4/R° X0 s RCOS%)
Z, 1=2., Sign(x, x ;)Dasing,

— — ———— o

whekey, are the coordinatxs ief tbeaclooridpnatesbépthe
mi ni s ®mt ance with crack tip; L is half arc Il ength o

Fi g#4¥Deescription of crack coordinates in curve

The plane with MSD and the curved panel with two
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model | Thge testing dEtg4ld e Theetdescribgettasnbeen pr o]

internal pressure |l oading for curved panel. 1t can
The <circular | oaldi miwhathigon oc dmualdao ybe el i minated
pressure |l oad. The test rig gives a good support fo

(arestg of the planébQuirtvhedWFpDanel subjlecadidng o i nner p

Fi g#42Teest rig in horizontal type

Compared with c¢crack growth path and 1ife, t he nume
agreement with the test raevseurlagse tFeosrt trhees upllta noef wcirtahc
is 245542 cycl es, and the numeri cal result is 2503¢
test result is 97000 cycles and the numerical one |
anal ytical mod el can give a goodrprcé&diction for the

42APr obabbalmashpdi €rlmnrad de i s oMu | o f& pDaena g e
foStrucCcont a Holi &y

The calculation method of omulotfi pM®D cgtarclkcst usrter ecsasn ti

studi ed. Taking the Paris crack propagation model
parameter is used as a random variable to simulate
model issh ealst althlei compari son between the relevant ex
that the prediction model can accurately calcul ate
hol es, and the reliabilityulahal gbistioficthrealsampdckgg
is carried out. The model is used to calcul ate an
containing holes with several di fferent MSD modes,
LAVIAKi rcraft Strength Research Institute. SUN Hanbin: st
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43ANnEngi ne@rlicrugMett ihommr obfalDi Bt t ¥y bQrtaicokn of
Ini t ilatf iewid doers pa teiddgurealg e

Anengineering calculation method of predicting pro
structures susceptible to widespread fatigue damage

mechani s m, the incidefntmulhtaitplce ade&t ainli tdtartu othurld ftee
transformed into the intersection of three indepen
former incident is the product of the pirdadbmatbs | ity o
which is derived from the probability distribution
Thus, the detailed formulae of probability density
turn in mul tuirpel eardee toabitlaisnterductMaki ng use of these |
formula of median rank of initiation |ife is derive
details. Through the value ofbinmeidtiyanofr am&k% dadre bei:
Thus, an engineering calculation formula of probahb
Crack initiation test of specimens with a single ho
The moded te easti mate crack initiation | ives of tF
predicted results are in good agreement with the te
A2
direction direction
| p 180 ]

I % 1

Fi g#46Sek ért ecnap of single hole notched speci men

13

__€

e

130

-
load
direction

R —d

load
direction

T25

jmi
J5 1. 25

/l/ 3

Fi g#4%Seketch map of five holes notched speci me

1 C O M A ghanghai Aircraft Design and Research Institut¥l Wei: xiwei@comac.cc.
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N_ /cycle
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Fi g#48Comparison between predicted and experi men:
44WF [Re s e a rICc WAi Ir cir af t
FAA i ssued amelmddme mt Nbovse.mb2ef 2010, which requires
transport category airplanesigshobhledoestuableinsgle aflL QW
compiled a special condition about WF3D2 rdeuwruiimnmg nemd
certification of XXX.
Commercial Aircraft Clepoafat é o GO&R&)EMse dofafiiodil & sl .
the prediction of wi despread fatigue damage
criterion of widesgdretehd fHategmendiaimageof LOV si
the requirement of special condition for widespreaf
i nitiation and ome siodupaln sstprekcti grpemesiwe g thaacthiodm ian d
resi dual osnt rceonugptohn tsepeetctrinpeleet wii t hus®ME®dge epanahdMEDwe
wing panel MSD/ MED test. The fuselage panel and
Fi g#49MSD test of skin lap joint speci men
1Shanghai Aircraft Design and Research Institute
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Fi g#4Yr®ED test of stringer joint speci men

In the prediction of widespread fatigue damage aver.
t fe asd sfeaxtomgldenk ti ation |ife of struchased avitwhimuh
the relationship bet weleinf & haen & etchoen df iafrmeate kc ridaidfkf idarteintdir
similar detail s cirsacdke dluidfaed @solitmen| s abohd ty i s conseryv
to W& averagRedpamdet @ e roiff iveFeDeEr age behavior anal ysi s
residualmeshodndgtolm WFD s uGCMMHNQ iwdse davuddVéabdes
analnyestitsyd b o mponegntantde stthe t est smawerriex daenXdX K neisnte dmeftoh
aircraft

, “ I
- I I I I I

5 details 11 details 21 details

m prediction u test

Fi g4Xr®i fe compari son between predicted and tes

45Anal ysi s andofdmesviul Repkar ch te Damage i
Fusel ajgei rtap

Finite el ement analysis of the multiple site damag

Frané¢c3Daxp, including the crack growth rate and the
and Mbartleo probabi &t waes hosed to analyze the prot
mul tiple site damage crack initiation and failure.

has a great influence on theyaanbdlygsossr@smuhod. wkhlen

analysis results show | ocal -rdbavma g eodamtiisamad gti p(l e si t
was carried oat ,cernadkthei prattegairlecaadkspraopagatal ohf
were recorded, and the results were fdrstly analyze

1Ci AWivli ation Uni.wer Matoy YokeChimaaky_ _aw@163. com.
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Fig#4r®chematic Diagram of Crack Propagation Pr

A6WFIEval uati of usfc e§i rNMftBaaa e d TersDattthae

To research one ci vil aircraft fusel age damage 1
damage( WRP) fusel age i sometri cFisgetktii. orDufratniggud et es tr «
i sometric section of fuselage fatigue test, many cr
down at al mos#¥i gé&klTshaemes tprluaccteur(e of every frame i s
stress distribution, so the fuselage test speci me|
susceptible structulrhee offr aweD ' s tWFuDc taureersage behavi ol
analyzing the frames, fatigue testFidag4lak,ansdo bwecause
coubdcual ate the inspection start point (I SP) and th

the eval uatsiucr epft i @l MEBt ruct ure Ddb4ANF-.D structures v

Fig#ar&8he fuselage isometric section test

TAVIXEn Civil Aircraft UlhHdaistagy5 @e&:Baoy mLTD.
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damaged frames
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0

Fi g4Xr&he stress distribution after many fr ames

Tabdle SP and SMP

Left frame Right frame
ISP 18380 19711
SMP 27571 29567

471 mpact Anal ysi s &rfe s iLbwngl CStarckn go of
Compohents

The influence of l ong crack on residual strength
connotation of the residual strengt h, key points
struct wrteesd. arTehel ieffect of | ong cracks on adjacent
resi dual strength of structures is changed by inte

Damage (MED) example regardi egtreosmgoaknssréesgghvean

ITAVIKLi rcraft Strength Research Institute. CHANG Wenkui :
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5. RESEARCHES ON.OAD MEASUREMENT AND LOAD
SPECTRUM
51Des Prganct Dxrearmifad LanSh ectAia cofaft

After years of predictions and rel ated trhegsaagrhches i
the engi nédeudmnga maARIAASE0relYe2 BK 6 00 application and dey

A |l arge amount of experience and data have been ac
calculation, design | otadumpefcltirgmi( elgqw i fviail gmtt Il mad s|
| oad spectrum compiling. Combining witthhe adilsacrrgeet en u
gust equivalent |l oad spectrum of civil ainesraft has
are planned, forming complete design, veri fication
renovation project of the i nasapiptluitcea blFeAls opfltawa rteo se
di fferent types | oad spectrum of aircrafts.
Accor dtihneg miiol i tary specifications, FAI compiles the
the aircraft with measured dat a, the measured dat a
met hod. For the <civil aim caofaftthe trhies seiqun vsad gmd ntl oia
durability analysis, and the random | oad spectrum i
e I ] L] L .
S s ?/WWV\'MMHVLWHW'NW I WMA{\_MAWWMMMMVMMMMMMMMF
uﬂ.Danl |
£ s Wl |
e |
-E:DHB*UI MH.;' ! = = d U\W

Fi gbh¥Ad rborne mission profile |l oad spectrum
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Fi gb2Dei scgustte | oad spectrum

TAVIC, the First Aircra@zr91,ms21i3@1tee3d. cobl N Qi ang:
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52Loa&SpectBnthmn c Mene h b dAr wivdnigrr olnnvdar i ance of
Ai rcr abtttr uMettuarl e

Futstale fatigue test is an desehopméenti nhuinitéel @i
has become the bottleneck of aircraft devel opment
wi t h @nigruonudnd and the | ife prediction method are pr

t he smian leduwaldtpreo gorctl ieo ro-d igexaueds egradwunademmeani th s
unchanged. Usi ng t hei sd ameatgheo do fc aena ci hthpbdl aoecekd t shpheec tl ri uf ne
original spectrum byutuspegtoemthétdiEnkandemnumber o
total <circulation blocks and shor todn gtralbgirntdeetd peri o
i nvariance

I n thias @earpteai n type of MA600 is selected.to carry
Under the condition of 1.2 times heavier, the test
The original spectrum fatigue | ife is deduced by us|
the result of leisfué tprodditesiteptsaivtd ethh @a.ngTaeheeo fd &emagg en e e
position ibkbat hendamet as.FégibGgienabutshpeat dauche mé n port
Fi gb4eenkli gbh3aer e compari son ofFitghbfiesed lnlet phoft ot md M
fuddal e fatigue test.

Fi g3t board drain port test scene

¥

(@) original speddpruhmanced spectrum
Fi gb4fed ap cr acrka nudnodne rs ptewcot r um

1 AVIC Aircraft Strength Research Institute CHEN Li: 2416806709@gqg.com.
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@ original spedr emhanced spectrum
Fi gb5Seringer crankaodamkspedér umwo

Fi gbh6MAG600-stal ke fatigue test

53The Structur al Heal t h Mo foirt oHfeiarvg ean dAi £

Tanker
Ths paper makes a preliminary anale sfiisghotfi nd,e amxd sgi
the problems existing in the existing fire fightin
existing data of a small quantity of fire fighting
t he maxi mung htta kaenodf fa vweeriage fl i ght time of the airecr
percentage of fire extinduwiwedinaealg aofasa elvad ggeat eexdt ibryg u
as an example. In view of thRhe Itihmi patritorcudfartiieg eXi

task and the quantitative compar i sonstarnuacltyusriasl ohfe aslnt
monitoring prowmnampfopoakl, tanlethe related requir
f lhitg measured parameters and sampling frequency wer e

Key Techniques

the present study has focused on evalwuating aerial

met hodol ogy to define preliminariyng@piemathenailr | baudls
|l ead aircraft rol es. Based on the | ow quality and (
are conservative and rely in part on eapdr atuiden al (
mi ssions, lssuhvaey aerika Shoul (Staddittuirand alH)eddtteh fMomr
programs become available, the proposed spectra cou

LAVIChina Avi aGenar ahdAaist ¢ yaWANG oXilaBnigBsBhlednlg:8 1 @1 6 3. ¢c o m.
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Ef fe®MTOWfon Load Spectrum Severity

While there appmagbttesuppoattteérdhiypat hesis that th
is related to aircraft S5wefThghtsugbheste thaettsochranasi
drawn without further informationHowdeeMTOWatloer gtk

their exceedance curves being coincidental, their e

groups 5 and 6 <contain aircraft in a similar wei g
respectively) telseiar eexad sod ajrud e ecudriwsti nct . Before a
severity of spectrum can be established, it owi || b e

the time a given exceedance occur s.

Fi gbt#tEex ceedance Pl ot for DBifferent MTOW Fireborl

I ncrement al and cumul ative damage

The results presented in this secti(@BnANgp) bbsedeen
n = @&.tthgoughé&t oiTheremMemMt gl and cumul ati ve damage v
the calcul ated total damage to give a total damage
air tanker i s8shlmevncumulfatgbuvi@& dducravpep siork hfaibgguarley 50 % o
the accumul ated -Hemabgeezomesi bnleenwwglt &o fao r2amd5eiggau m Tdh e
i ncrement al curve indicates that t hleevrmalxi enuenu rasmoamd

with maxiememsg-t 8. Eeadge.
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