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1. Introduction

Environment al protection standuasridnsg aanldu nsianfuent ya lclommyss dies atb
force the transport i ndustrybetcmuseaili ¢thi $oa 1tdleatmovsetl yo ptl
material s. Since the 1970s, thaearaséteonfstalaomjnamumhdumt al |
has been intensi fied. Commorcloynstis@dtisdme matceompalne.nt Ehiisn

transpoyt i ddipmaect t he high wei plptera@aft itomese vehicles. Any

injuries to people involved i nOpaercaatlilnigs icoonn dwittiho nssu cihn ca upd
machine may have fatal conségpaeascon. tie manémial. tlhtemsh
a better solution is aluminumoalklays, awhimthumamal| abygsrlarer
thanks toompobobkbntbBewi |l |l bend istmoiost hHegcaesnsahmye eB®weahnal yze a
of a collision, thus protectiusgvn@gaisees gheat treatments toc
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consequently, entire devicesandauryisnigs twlaes pesfiimenthe d pleasadd
When using aluminum alloys fomisimlucrcumak efFeflemmswaat st
should be paedmtoel habiloingy ofThteh e ncpoomp camecret sof testi ng

i . e., such structures must wbiotthhs tsatnadt iac vaerdy fladi gee numhe
cycles) (VHCFwas found [22] tipatperun[ldXkle. sFaeeli gual umigiodm w
alloys in this range show a I|bemedairng.el Wholoas il p mb e&tuwe eenl etn
amplitude and fatigue | ife. This®stwowlkr panaaslayhziezde flaal t ulniyi-Gnél.nt e
2021351, 6061, al66AlaXmnkgGuin. Basegson the research, it was
Revi ew wor ks increasingly craadacdkesnmpacctuos systtehmeatweleded
knowl edge regarding using alwamgiomsm all oys in means of

transport, including rail way tDuwmismpprtthe lopdrladtli,om afr i-itaic
was made of the impact of fartdogkse occust duet urmed atmadee,o
aluminum alloyp$ ahdsthatepgter®d] boitth wles isgmown that it i s
and service. I n another wor k dlu37]n,g etltaemmteidon nwagps cgdioch st d
of aluminum alloys in transpofftaisrystiemsopedra&ti ingn.i nBas eadc c
modern technologi es. These asldown htelratwotrtkes weel.dged [jlAdi,nt3s
demonstrated the -sdpeede |torpamennst,alobfmpmigpghlc r ease static and f at
ot her s, t hrough l i ght wei ght $heuvtit br a5 permadionflryhi hlabegi e
aluminum all oys. It was al pdhhed ommemdon. 14 hi S36rhayt mha&t ultth ei

mi crostructure of the used aprmuewemutmed!| Hdaoysnhpasooparatganfii
i mpact on their properties ®drdaviass metbrdehsguwlhti,nsomnnt &li russ,
alumihlueny 2, taking into accownt 35i0nekpmoht.k cTché monst hat édadtily

strengt h. model wi t h bogi e frame expe
An i mportant aspect i s d edteennomi sntirnagt e tt hal | ompveerda tt ih asnpakles di
durability of aircraft structumesns wherhe g sipgreidfsi odasnctia hpg:

el ements are made of al umi nuam ad lylseyss . weli® 9peeFmant gdeifrae s
strengt h -To7ff4 5tlheal7uOnBiOnum al |l oyuswiamsg asald yizeda .| ddoeks with var.i
work positieel yheemodel for aesesasicmg nieatthiogdu et wrnMed i out

the HCF range under variabl e aamellidteudd e olgd ad & .¥ysgpmee ds tt rwad tnist

of all means of transport, t hleheu sseafoeft yal arfmi v a mi-sapleteodg etnrpa
transport i s growing t he f asrtietsitcalWhebwede ®i grmieng i malt a
structures, care should be tarkenbtocomnhagr el itghheierr | dwgédt rte
been known for some ti me. Thewt maduatlti §dOpf i mdiuena thaisn teH &

alumi numsot ecempments shoul d fbae iugsueed p moemieratdnh @d | led ewallar e

el ements instead of traditionhabadiwaigomalbodyeslkt suctlTihree sworQ
they must also be |l ayered salrwmitnmnumsalclomyi §hi mg gefar Bhaxi
material s. using computational and expe
This is very important in rainlaltyrsarmss pdrotwe dl nt htahtec ecthespo o é

trains in China, speeds r eachentalb0l ikngy hi t[ 1t6d .b d i w=sEaledai rg httaie
are made of 6082 T6 al uminum lanl ltotye Wwerckr §t0&)] fabitgeatil o
calcul ations after t he Shanghat ostcrcu dtewnnrte , s hpooweods i t aAtSan
predi ¢cigeed filatf e decreased fr oanl Bmi.Mum oalll9.y7 wygepladeedd. tjfod instss
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Therefore, there needs to be i

xecution of joints ensures 21 d
tructures, whi ch transl ates L — ty
eliability during-stpleeedoperad: -
ased on aluminum alloys.

As you can see, l'ight wei gt
mportant because they reduc
peration. The heaviest wei g 31]
ttempt was made to opwiamied

tructures mabkbeoypy$ U hjmeé otuend
oads were analyzed.
I't must be remembered that gt l
arious materials cannot be rop
|l so applies to different hece %
The FEM anal-lysarsi mgd lae-slmeeaddh

rain made of cast al umi num l

tress | oads were | ocated in
yclic fatigue te'stys|wist dia d '

ny cracks on the surface.

I n mechanical structures, w

oth the materi al used, whi ch Falfgf_elc_tsDotOr}eS?ost§l”éa_n
onsumption to drive the desi.on Thiec offort ercan ha n

sing |ightweight materials ; > - I

oisls| e to use both met hods
i ght weight material s, al umi
l ong time, and composites h
ears. Rai l transport consum
ropul si omaushAensd ghbst anti al t

elated to both energy consu

herefore, where possible, I

haped accordingly. Wi ndows ¢ —_—

rai ns, t he sglrauscs us epp arrtei nnga w ¢ o Y

'l oy profiles. When sel ectingFltghg' m%V'tgg?QI?traunCtauIrleoymasd

orming method is considered: Whesh defie@Ring,abymipyig sg,

Wi ndow and door structures aPa&lelurdlenttifye nfatlel oM n@x tfracd e

p
a

rofiles. Exempl arcyt ud ®@sr odn dafl R h&uGm st r§- - T n what condi

'l oy 6060 are shown in Figs. Uurthgd 20rdxes8lng 3BLY strer
el asticiB2],]8cor2rlgsi on resi s

decorative coating or wel dabi

For extruded profiles, al | «
mainly wused [2]. During the
process is also determined,
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the materi al from which a givedm dl8gmerdtataorguet t ectt s5r aveir ®
The most commonly wused treat mewot anmeutnrh ondusm aarlel:oy 6, ai holyudHAl
e T4-product oversaturated ofnd heataestab| yi tagneads adown t h

needed, by cyclic stability.

e T5product cooled down fromlinngrn®dsedatsemdpeomatfuarte gue t
and artificially aged, 6060, the influence of initia
e T6oversaturated and artifefcfiadtd yofagaegling before cyclic

e T64supersaturated and arttidichal det agmdnead fgawiugsader adt

—

emperatur e, sy st em, t he resulting fatigu
e T7supersaturated and artifiactdgyaphhiced dsalapsil s zeTWhe
Treat ment methods such as Tuvi,t T6thandodttdolaref opflt & stpFuc e
for structures. 1-%36-10 For all the amplitude
As mentioned earlier, al umipham-bpti mysed r ®tmatteh ed i6dX XnXo t

group are used for structur est nraedien foofr cperdo fsipleecs ,mewist tbhyp 3@ ra
emphasis on the 6060 al uminum lan I[ozQ] ,T hteh enamenc lcaeompoasli tp roa
of aluminium 6XXX are Zn and hMg.t Horweavtementi nwearhe ¢ omeamaé¢ d
only somealsytzueditens sammat eri al ' srsefat mergt h mand ogdtod wgtyur d,t wa
taking into account vari ous ffaacitgoures satfrfeencgttihn gwatsh eo bstuah snee
operation of this mat erial .t r Eawmepnatp erinsda @it sd.f ishow t he

fractography of the materi al shr gettlygr, e tdofet ernfdeetnrcec toifon
particul ar emmphasriast ean atlh e aefffgaucetgue | i fe of two al uminum
In [21], the properties of 6066, 6 W&a® alnuwmiyrzwen . alHaotyi gweer
deter mi ned. Thi s mat eri al wausni Beund Itwmadianwe wht ghelycelhes ia
strengt h, yield strengt h, aon. dl . hlatr dsmheoswsb eteHatwetvlea , t eist e di
characterized by relatively Isemsdudtviiltiyt w.o the influence

The paper [38] shows that thestsflwiuemcada hef chyecdte tarseyant mreetn

the strength of aluminum all dyatwagsueanhi yeed.s |—& weor olryd e ra
It has been shown that themagnist ade. i ncreases the fati
strength by about 30% compared nothédewdd kst 2649 ., sampl es |
In [32], a model for est i maftriincgt itohne 6&at r guweelldiefde wekr ext
el ements made of al umi num alrhiogr 06s0t6rOu cwwaus ad e we lopreped.i eBh ev
analysis was based on tests dfeteamioestfeompt i me g a dhfeo it hoeof
bar s (rect-asaeagui an wirbks smoobhbht asiumr f apebsmandmechani cal pr
cavities aedt amhgoutéemact i omdss Mebul pleg microstructure.

treatments were also used: T1 lamd2fFRB4 Asfaacesgltaphit was
that for the same material , faaltuingiuneunh i dlel pyedi€¢tieon cyacddlc
on parameters such as stresscafrarciteodr ,o0 uhtar dhsesa , r enamlutf act u
defect, t he rmamewfsacittugdalinfg, papept¢urs mdilmlyy teatconnecti ng ¢
treat ment , and geometry of tath e eed jgamdanmt. bDhiendaesabt dft

research and analysis presenmiscraosmodelt ufer depey miamidngi
all owabl e stresses, whi ch ¢ oshhsairdee rcsf stervaenrsapl t rfygd tadrdd i d

defect area, hardness, and stdredses nfiandtngr .t he fractography
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In [34], the effect of strai
aluminum alloy 6060 was analyz :
| ocations, the study shows the -

t he initiation and growth of

controlrloisngumitar al features. T.

. i s
the cathodic behavior of the ~ t he
aluminum alloy. As the dissolul t he
grain boundary, the decorating. , anc

| :
e ‘dens
Wl

| ocal el dctcethemdicaappears.
clarification and sludge fragm

the pits but decrease the dept

As a brief review has shown, ﬂ_‘&«uﬁ“ '—-eds t
be better understood in terms The
this work deals with fatigue --_\_.. onl \
[ 20, 32, 38] analyzed the effel‘-. ‘ t he
prpeerties of the analyzed 6060 T _;\_..; in
[T T 1R
al umi num aL2I5qys32[]20,An24analysisq%
of various treatment methods ‘.‘g ...magn
all oyaln2mle found in the iter ’__‘ﬁ——-_————
two treatment methods, T6 and I..“-.anal
This work aims to perform a IT-- *“..‘GI’IEH
conditions of cyclic bend|ng - ', t we
combinati onsandf theardiomg ..- . -.
performed with a zero mean val. —%

Then, a fractographic anal ysi .- --IS b a
the suitability of this materl--“-- and
profiles dedicated to trai ..- -.

2. Material and experiment
The 6060 aluminum taédtoy. whisg usaum; ll-.

pictures of extruded profiléd&d gusdd Exermpdaséy mRindt ugiesd ®v
structures made of this alloy. awMd#t &d0jod| sitguc yyieg od. @é 4m
was taken directly from these Fprothkepradedtiaon tdfe wpirnoddou

l'iterature, there are few pap

stage. directly from the manufacture
; T6 andEN6%150%20[171]. The test
directly from the profiles p
and Icaficans. The microstruct
T6 and T64 states is shown i
visible in the grains, which

phase.
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b)

Fig. 4. Mi crostructure of 6060 aluminum all oy &

The change in microstructurcatodbsamalysiunidien Thalkl én2l sbo
of the applied heat treat mentl icointsiasndcdt nd yhel déplaidmt infoa
numerous particles of secondahg yalase sofi nsttahned amat rsitx e swla
contributed to the strengthesnameg aolfl otyhd nmabher T&l st 3ahe de
amoufht sbrengthening phase waAddbbit eghakbyshyFns sti mg sSTtéat i c
treat ment . treatments, and Fig. 5 shows

This materi al has various dtatignateéemanisl el nt etshhe | i terat
Ot her names of aluminium 60¢Qplagd e2. fparsiexpmphert P&S8of
Al MgsSi 3.3206. different treatment methods |
Chemical composition by the Sﬁ@e@”ﬁ%@'rﬂjﬁa[oﬁnﬁ@a’] “%asASO,Jm(,Jin)%tAgmg%{g,@pata
Table 1. Chemical compositi .I.T%"' 31"138 !;2% ..iii@-r‘%gan%z a!ﬂ.éom gzg:gn
all oy 6060 according teaRl-he 300siandard EN 573

bal ance
element| Mg Mn Fe Si Cu| Zn | Cr | Ti |other ] I\/TPa
coment10.350.60< 0 .|0.10-0.30/0.30-0.60< 0 |< 0 |< 0 < 0 |< 0 . 20 —|

ENAW6060 aluminum alloy has Tmediium mecH&ni cal

strengt h, i mpact strength, an-d ood corrosion resistan
Suitable for anodizing and polli shabl e. It has medium f at
strength and can be machined.m_t is one of the better ma
for door andewi ndew s$nr udteurr aill ndustr

Thi s materi al has di fferent a_p ationgyg depending on 1
treat ment . For T64 treatment? |t/he alloy is characterize
increased strength and is suitable for bending. I'n the ca
treat mentr,enhgitghh dlt amereids dmoevemner in this

case, the el ements are not suj/tabl e for pIasticB forming
bending. ; 2

Table 2 summarizes the basic, prolperymieslofO‘L}helmatoréria
depending on the treatment wused [13]. The table below sh
that the profiles-T6f aloumionumieadtdainteis® otlonsil e test of 60

standard values for bot h

pl asti

and

c temdoFladly® strengt hs
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Fig. 6. Photo of samples after static tensil
Mo s t structures are subj ectcerdeatt® sc campd yerxa mioca df ocrocnedi ¢ m o |
during operationco®@prtensi ¢miwa tichy ctleieclsailony variable torque
torsion or cyclic bending wi tdhe pceyncdiimpcg & dor isto moena f Wi h ér twe andl,0

doors installed in carriages((CFigycld)c demplievgwiwtih ha adcdhnt
of tgmi i cant torsion is domianamandiThhgererfdr tewi shtoitrhg cnyocnhe
bending and torsion test condsiampolness weearee anwtl yfzreadm t®the i $ u)
two combinations of cyclic bedrhcki mgarandwvitnogr,siione.we rteh ea narliy
Thi s all ows t he fatigue l'i freortmal bet rappseoxi madmdb efnodri na !
combinatioon iomapr ey cl i c bendiangt a@bde d oatsitome critical poi

Basic fatigue teststweadar pgecsdmmmelds ohhae nomad on the be
designed and built at the OpeglbeasUantvemrmsnidt ya mefu mpepd hi neodl o2g9yc
research carried out at thisvart edhas nuseon dmu bblyi sabreodu nrda nty

by wvari owutsheaultahsotr sti me it wasanpgtesdaretted mimed pagerrati o o
[ 30] taAl@ed description of t hwhsi csht aneds uil ¢ epdr esentedous ¢dr
A rotating, unbal anced mass fampp ipag et bendiang gtue pluoraed .t oT

Fig. 7. Drawing and photo of the "diabolo" samp
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Tables 3 and 4 show the reSablte 4o.f Reastuilgtuse otfe tag iTgdu e 6 €
aluminum alloy in the T64 and TGBesntdaitnegs, respreGisiivey! v-

fatigue | ife results are givena—with—an—aececuvraecy—o0f—o6ne CYVy
the stress amplitude with an |agectirNacygyleaf Mspwerd.N, cyta M
Tabl e 3. Results of fatiTgéude ¢t esyt s| 0342l ug na abg»y 162060
Bending Torsion 3 1683{ 163 17 2758| 102
4 6257 204/ 18 1244 112
spec| N C Y|Oa M s peci N CVY| Ta M Z ;f;fz 122 ;g 12374596 5992
13 1027| 183 1 20000 61 7 2618 224 21 2276| 112
14 4743 163 2 8474 122 8 1431| 245 23 7288| 97
15 4665| 143 3 48790 92 9 18701 132 23 2609 107
16 14513 102 4 66864 82 10 29451 153 24 1740 87
17 56964 122 5 11004| 71 11 9107| 194 25 2412 117
18 | 7560] 122 6 1514( 102 12 | 3343 214 26 | 4088 127
1o >15s5] 183 = 3700 112 13 2783| 234 27 3143 132
50 | 1055( 163 8 56258 802 28 1987 143
] 29 12957 82
21 11857 143 9 6888{ 92
22 42804 122 10 6696( 102 30 1056] 153
31 1741 148
23 | 26997 102 11 1910¢ 112
24 7551 183 12 6201 122
25 1250¢ 142 o™, o
speci| N C Y| Oa, M s peci| N C Y|Oa, M
T ™, T »
31 3076| 174 50 2972( 91
32 1059{ 145 51 1433 100
specij N cyjoa Mspec N cyo. M 33 | 3240 130 52 4604 109
26 3738| 116| 39 | 5928 72 34 5945( 116/ 53 5163 118
27 3570( 101| 40 | 2687| 81 35 8714 159 54 2157 128
28 16614 87 41 6949 90 36 4832| 116 55 1372 137
29 2401 130| 42 |1221% 63 37 2056/ 188 56 18576 68
30 1195 145 43 6000 99 38 1450 203 57 1738 132
31 15000 72 44| 4478 99 39 1011¢ 109 58 3473 123
32 5468 145 45 | 1858 108 40 | 4466) 123 59 3991| 114
33 1628 159 46 | 2376 103 41 14840 101/ 60 8344| 105
35 2671 159 47 |4789] 54 42 1636/ 195 21 | 1730) 96
36 2989( 116| 48| 3626 103 43 2990 181 62 | 5188 82
37 5151] 101| 49 | 5668 99 44 | 19873 94 63 | 5521} 73
28 35498 387 o 1686 90 45 1562| 137 64 29359 64
46 3923 166

51 2475 81
52 | 7085| 72 3. Fatigue life-time of 6060 aluminium alloy
53 6399 63

54 | 22063 54
55 | 53964 50 char act erdiestteircnvsi nveer & or i ndi v

Based on fatigue tests by tF

and treat ment met hods.
For T64 treat ment, the foll
Cyclic bending
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, L & O p the fit of fatigue character
Cyclic torsion resul ts i s t o deter mi ne t he
t codp ° q Rsquarded T&kble 5.0 |ists the:
Cyclic bending with torsion combinations and the T64 and
, ¢t ocvad B o of the obtained calculation r
and determination is hitghOam®d®1lr ar
" t qtape B8 T treatments, the smallest is f
I n contrast, for T6 treatmeft Phedff ifcoilelnotwifnogr vadllu esst uwe
obtained: that for T6 machining, this
Cyclic bending compared to T64 machining (0
., widHP 8 v it is more difficult to achi e
Cyclic torsion aftdr pT®@&cessing, and, as a re
t tngpy B ® The | argest dearatiehi §momwans
Cyclic bending with torsion cyclic torsion (iTre4r elnat iTdon tt
" Gt g d @ 8 X conditions. In the case of c
and appear at any point on the p
" t vop 8 1] the perimeter, there are tang
Fi gs. 8 and 9 show the obbotaheedchatisguéd oonvmarrea gd reorntlBye i t¢
t he experiment al points. Thkeeredbmpari soanadafi t ifoant itgou e h e
characteristics shows that thembar eofpraampicad | ¢f fpeacrtal [l 4l
case of aluminum after T64 6tlrreat ment , t he sl ope of t h
characteriatvasueeaahdads®. 1lrldnmhe | ef 50. 0@Pef fi ci endu ao & d o HtR
according to formulas (1), (iB3ndi viinddua(4)t.esaBdahfhoragmplrisd @
a smaller valbBbg. eg2a@l $iomi0l 8By, gnmtpemg’asre”of" n| Mean
al umi num after T6 treat men e i eI atyg f fvaltLhe
'Te4 0-92 0.91] ' ¢.'8770.87 0. 85
characteristicstheachrs® abdbdvbad B4 Thngg o 99| 0.97 0.89d 0. 97
according to formulas (5), (N)eaaB_dg4(80)_'gsaB_dng8?868?9%0”
a smaller val-Eg.eq8ar!l ThbeObesddlway assess
g g
= S |
] . 3
Nr, cycles Nf, cycles
T T T e e e
Cyclic bending Cyclic torsion
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1000 —
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N, cycles Nr, cycles
10 T \HHH‘ T \HHH‘ T \HHH‘ T \HHH‘ T \HHH‘ 10 T \HHH‘ T \HHH‘ T \HHH‘ T \HHH‘ T \HHH‘
1000 10000 100000 1000000 10000000 100000000 1000 10000 100000 1000000 10000000 100000000

Cyclic bending and torsioty, = 05, Cyclic bending and torsioty, = , ¢

g. 8. Fatigue characteristics for indi-Véduailtlcombéi had i ®x

1000 —
S <
o o
= | =
& S |
. . |
hd .
100 — 100 —| . 4 AA
Nr, cycles Nr, cycles
10 T T T T T T 10 T T T T T T
10000 100000 1000000 10000000 10000 100000 1000000 10000000
Cyclic bending Cyclic torsion
1000 —
< - S
o a |
= =
(6\ v m .
100 —| ‘—b\‘i\.‘\.\.\h\-\—\- 00— N‘\A\'ﬂ\\
B i *
) N, cycles N, cycles
10 T T T TTTT \\\\\\\‘ \\\\\\\‘ 10 T T T TT1TT \\\\\\\‘ \\\\\\\‘
10000 100000 1000000 10000000 10000 100000 1000000 10000000

Cyclic bending and torsioh;, = 0.5, ¢ Cyclic bending and torsioh, = ,, o

g. 9chkhatbicgeei stics for individual c¢comb6 nwittitonmaroked ad X |
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Fig. 10 presents the fati gufer ocrh atrhaec tmeird &slte cpartto acfomphle e
applied treatment methods f orampnditwiddeusa Iwelroea duss.e dT hfeosre fdurrat
indicatetdurbl kst yFdr this fatigue |ife, as values

N
g ) g
i « i
= < 19 =
< N )
. N ! AN
T64 N ~
N
~ T6
100i 1ooi N
| | Te h
7 N, cycles Nr, cycles
T TTTT T TTTTT T \HHH‘ T \HHH‘ T \HHH‘ T T TTTTT T T TTTI T T TTTT T \HHH‘ T \HHH‘
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Fig. 10. Comparison of fatigue characteristics of 6dQuwe .tad s

Fatigue tests for a combi naFi @n b1 pyek ot 9 a v @ rctrGiotunaa
bending and torsion are most cofntdaurc teerdd fed d igauset tdkesdsr iodbed
Gou®bllard criterion [ 18] i ntthree Tf6éodr naunida T6 treat ment me t

stress v(aN uadmsd N for individu

" , t h w as mentioned &ladyties, FbpomNt |

the figure, it is visible th

where: t m™, andd , of proportional be

. . Enor mal stress amplit“f’ﬁef\Pa{luceysCIdieCteirr?niHE@”@xperir
bending for a gi ¥ e Nosuhnebaerr sot{rhe(gsgsglreésm,{ing from the desc
amplitude for cyclic torsion {fhqr CariglievrqrbnnL(rgkae:r F‘b-—f’r %Oﬁﬁlﬁ%i
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30% for bending and 23% forlStorMfoiron.or Boon oftbBes. f(a2t)i gaune
strengths from 10,000 to 1, 00f0at0i0g0uecycharsactaétiesticatcblean
presented-10,n tFhgstedBted all ogyr eian et h>luOcta 80O Oigtfoy0 H, tr eat m

treat ment i s al so characteriazéady bys hpghaeti cfaaltliyguier rsetl reev
comparedrtat mehat , from 40 todwer2&bifloirt yf,attilga et rld &tememt ha s
case of bending (Eqs. (1) andt¢®enygthand anal ogously from
200 —
160 —
m b on
- ®
©
N
’ 120
80
40
0
0 40 80 120
Fig. 12Pol IGomrugghcharacteristics for fatigue tests mafr keldu mit
values for indivi=dbcdyc.lsessr ess states for N
4. Fractography magni fications, a |l arge dept
. power of the SEM microscope,
The fracture images yweréoomaaceed using a high
) continuous dkh$erfvraat0|tounreofsu 1
Tescan Vega 4 Scanning Electron Microscope witdl tungst
. increasing magni fications,
filament, operathedumt m@de ktvo i pr ¢ wevn t )
. ) char_acterl_stlc features of c
sample charging. The microscope is equipped with a second
) ) SEM analysis were cleaned by
electroaci(&E) dWkrkitch wil/l allow to obtain topographic
. which eliminates any foreign
i mages of the surface of the samples. A fairly "l arge r an
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Fractography of fatigue fradhtavuracs efozedhdyalthey pafetsemc
treat ment i s -1s%h,o wnh e rak 3FH sgigse. w M2Rrek e d fatigue l i nes def ini
surface obtained fr-aB €yomi t adbeevied iorpgne nRi gasn.d 1tdhe presence
Figs1l7 16rom the <combination o6f tihhendbienngdi @amgd ptl @amei. onSuch
=005 and -F9 gfsor 18asdai nati ons samples hdadulrynbobddaeadi ng, w

In the case of-1d)endahy (Femgflersd2| aaded sample (Fig. 13

Fig. 12. Fatigue fracture of the alloy after T64 otfr etahten
fatigue zone,c) surface in t-h6,avbacygtl ebg.resi

b) R «
Fig. 13. Fatigue frtaeaumenof chlhsedl byybanhdéngT@d4 fractu
fatigue) zsouref,ace in the(apeai-®é BOWEF 92e iyl &lIs )z on ¢

Eksploatacja-MaiNntetemnanda odcf, REol.i2&®dRi |l ity Vol




In the case of torsion (Fig.rakk)s, dgther tocccursi eni¢ ¢ aakoasl
fatigue zonseecotni othhei ncirtosast e d cfirrocnu nof neer efnaccey s haenndc e t he hi

g
a fatigue zone resulting

fronm asaep,i dwe e @ao lee sd eoanl iofg t we t ma ta
characteristic. A slightly didfefveerleonpte dclhpay caficat ietmi, @ tead t famg he
the same cause, has a fractusraemeprsdsadret ed ishr &€sg. wdsd . p rFeas

Fig. 14. Fatigue fracture of t hae) aflrlaocyt uvarfe
b) surface in the area affetaheff atiéswpe saam
100384 c.ycl es)

b) c)
Fig. 15. Fatigue fracture of the alloy after T64 ofethame
fatizgune,c) surface in the a+3¥rad0ofcytchesr)esi dual
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I n the case of the combinatimneaéhbendlag bdod tdreyi @, n
f o000 Fi gd47) 11 Fi g49) 18bandxcrabp. Especially in the cas:ce
successive depressions and bublagnedss acen vhesi bl earl yeseefmatfio
of a plastic property runni nlgenpdarnagl laenld t@rshencrack fac
striations are continuous and regular, a trace of a crack

Fig. 16. Fatigue fracture of the alloy aftm=0®0a&) fraatao
mor phoidcggy.,ath gue bands in the7fIacygluesyone (sp

100 pm

Fig. 17. Fatigue fracture of the alloy aftwa-roa®&) f(raatao
mor phol ogy, b) fatigue bands in the fatigue3%3468%*4 coy clueas
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b)
Fig. 18. Fatigue fracture of the all oy af ts®fa)T 6f4r atcrteuar

mor phol ogy, b) fatigee BBamdsacienihhé¢ hfeatair @ @ e-cl#40818h ec.yrcel sei sc

u 27x 2430mm

b) . S| Si
Fig. 19. Fatigue fracture of the alloy aftwmma,dabpdftaedtr

mor phol ogy, b) fatigue bands in the f@tpaguiem@BES4 cQy slua s
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I n the case of bending, a defmol mat aomangeamemtti g aftr atchte

surfaces was obseatved dloroy h&aoafiodi rleet  TO6 4. I'n both case:
treated al l2aly . ( Ai gfsati Qe Zloyiengi sop pomii tidoe itrnh er enleauttir al b
characterized by fatigue | i degwelaonpds &r one stihdeu aclr az kngurwia
a honeycomb structure (char acftaetriigsutei cc rdaicnkpsl easr eo fs lviagrhitoluys
The formation of fatigue | ines can be attributed to pl

3 A\\ \\

125 pA St

by c) :
Fig. 20. Fathgeueaeal fogctfiteroff6 treatment caused by bendi:

fatigue zone,c) surface in th8l14repcbés)he resi

b)
Fig. 21fra¢cbuiguef the alloy after T6 treatment caused b

fatigue zone,c) surface in tllB&g&D8iv7eayofeshe resi
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I n the case o3}, ortshenl dFk gt fR&Rt inpue cleiarbéd e t hat the i ni
s characteristic. Similar owsefvaheonsr wemkbemanee .f olrt tsn

all oy samples after T64 treatsmante, Ilin twhe ¢heeeatt i aehicghe

287 x 15.38 mm

c)

b) :
Fig. 22. Fatigue fracture of the alloy after T6 dfr etah ane
fatigue zonearel oir ftoee ries i w2 2 zcoyncel e(ss)p.eci men
y 53 y “\ T
.- - ©)
Fig. 23. Fatigue fracture of theaatluUpy mbtpholT6gyreb}l meai

zone, c)tmardrace dfn t he r ek3IiddBR&l czyanes()speci men

Eksploatacja-MaiNntetemnanda odcf, REol.i2&®dRi |l ity Vol




The surface of the fractur eaf tleorok®6 campd| €eTté6etll yt rde & tf neer netn)t

bending pamgerttoyr soonf atbhioguhe fsacr apdhei
combinati on of TH==e0wodainmgo,) a mnd ttdremeoowus depuesewsnenahbde sut
all oy subjected to TR7)9redtementsiméehod (RegSEM2Mmi cr oscope
principle, it is possible
of the fractures in the

5

t he combinati on of

tocdbeti mguibsenf oa eqg h atrhaec t feati isd u @
sameawgyeaterf olrodd nids nagp plaimpd .e s

187 fiii

b)

> c)
Fig. 24. Fatigue fracture of the all

mor phol ogy, b) surface in the area of

oy af taccrba,®f fraat m
thep d @it-hd d3 .y e ec

b

Fig. 25. Fatigue fracture of the alloytwfstier@wdhb4 d)y efan a
mor phol ogy, b) surface in the area of the f at-LYa51 4z ocnyec,|ce
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b)
Fig. 26. Fatigue fracture oftombe naltli on aftw@eanT6éa)gt famald t

mor phol ogy, b) surface in the area of the fat-lFgrkd zyrme ec

14.92 mm m. 14.92 mm

b) 1065 1065 s
Fi . 27 . Fat.i ue fracture of the allo af tyeofa )T 6f4r atcrteuar!
g g y

mor phol ogy, b) surface in the area of the fat2gu25zphe,
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Tabl e 5. Fati.gue characteristics
Type of appli T6 4 T6
T fatigue zone wi T Ia:[[!gue lzpne wi
Cyclic bending fatigue | ines r a !gue I nes
bending plane T residual zone W
structure
) . T oval fatigue zo
Cyclic torsion 1 no fatigue line T no fatigue 1|ine
Cyclic bendiw@obi i § fatigue stripes/ T pits and groove
property sur face
Cyclic benditwrag wi f
Table 5 | ists the characterdocmhbicn afteiactnusr efsorofb dtaht i gares ifd
obtained for the samples of tphreacatniaclaylzleyd pmaartaelrliieall. fTohre tghree
T64 states is characterized by cyclic toc

5. Conclusions
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