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Acoustic Emission Monitoring of Fatigue Crack
Origination during Titanium Specimens Tests
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Abstract. The titanium alloy VT3-1 has been used in fatigueests.
During the tests, there were performed Acoustic Ensision
monitoring. The main idea of the crack detection irfatigue tests

is based on the introduced earlier ‘¥ -criterion”. “ & -criterion”

- break in the graph line that represents the totalacoustic
emission dependence on the number of loading cyclesfter the
fatigue test of specimen, it was subjected to moratic tension up
to the fast fracture.
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THE MODEL OF QUANTITATIVE EVALUATION OF FATIGUE CRACK
GROWTH SPEED

In the process of cyclic loading, as it is knownere are
happening irreversible material structure changés. the
present time it is universally adopted that fatiglemaging
process
deformation preparing the rise of submicrocrackheyr
gradually grow up and turn into microcracks whichtlier on
increase up to the size of macrocracks visiblééoaked eye.

According to kinetic durability conception [1], daact of
deformation or destruction is accompanied by thetune of
interatomic connections with release of some gnerg

The accumulation of the damages and the collectipaure
of the interatomic connections may initiate an aticupulse
sufficient for its registration by the convertehérefore, each
act of material structure damage is corresponded jpymary
resilient pulse, the process of radiation of whicksents a so
called “AE act”, and measuring AE act sequence cpei
allow to evaluate destruction process going speed.

is connected with the development of plasti

area. This share of energy is proportional to thieime of the
layers plastically deformed, immediately adjoinimgwly
formed surface.
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Where &; and &; - average tension and deformation
intensities in the layers specified, 2h — layeckhess

If to assume an extent dependence of stretchingyatia of
the following kind:
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where m- strengthening index;0 — yield point, and
.0 =w_0/E, then deformation intensity distribution in the
plastic area in dependence on r distance fromdpeof the
crack might be approximated with the expression:
i
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where f— plastic area size.
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As a result, we shall determine average valueslastip
area tensions and deformations according to theeegjpns
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As h~r, 3S=0l, then using(2), (4), (5), we receive for a
plate of t thickness

Let's assume that AE pulse number generated dusing For approximate estimate we shall assume [4]

cycle, is proportional to that part of potentialesgy U
released at the progress of the crack in this @rg@t energy

cycle, which turns into A kinetic energy of environment

movement causing a reaction of AE signal converiére
presence of a definite connection between the ikiretergy
radiated at the crack progress, and crack growgedspwas
determined on the basis of the following analysist crack
surface receive in a certain loading cyd8. This crack
increment causes potential energy release [2, 3].

1—
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Where E material
coefficient, K — tension intensity coefficient (TIQit is
supposed that the crack develops according to ror
separation mechanism).

The energy released goes in part for material iplast

deformation connected with the advancement of tastio

1)

resilience module, p- Puasson

64, = B2y tal (6)
Wherep — a constantl — crack length increment
= T [ L+ e @
then
64, = - tRA 5l ®)

If we put (1.1) and (1.8)‘-ihto énergy equation

SU = A, + 64,

with subsequent transition to continuous functiams n

cycle number , then as a result we shall obtaiexgression

for the determination of cycle kinetic energy
L = Botk?9 ©)

Where# = d!/dm - microscopic crack growth speed equal
to its progress in a specific cyclg—~ a constant defined with

"h expression

2mm(l —u®) — f(1 +m)
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Having assumed that Paris law is obsenasdwell at little take into consideration only those loading cyclesich fall to
speeds of fatigue crack growth, if to take in ie taverage summary AE accelerated growth stages.

microscopic speed, then K may be expressed ifothe of It is considered as well that the first-griterion» is the first

_1 break on the plot of the dependence of the totalustic
K=-0s (10) ~ =" . .
_ £ emission on the number of loading cycles - is ofighe
Having assumed extent dependence criteria of the arising of a fatigue crack whenngsiAD
da0E method [5,6,7] . However it has not yet been prowedo this
Npy~ (F) (11) day that immediately after the specified criterfat been fixed

We shall get the sought for connection between AEN the acoustogram, there has formed a crack iméftl.
summary count for a B cycle and average microscopic To corroborate these facts there were conductigniéatests of

speed of crack growth a number of sam!oles qf \Z?I_’_L titanium alloy, _strengthe_n_ed from
_z (142) the surface, for investigating the mechanism of ahising of
Npy =By (1 —.3:1?*1'“”“}1?" =/ (12) fatigue cracks and obtaining the correspondencealpha

whereB, u B, - experiment defined constantsandC - criterion with the moment of the arising of adai crack

constants of the material.

(12) dependence may be written in a simplified form TESTING METHODS AND THE USE OF THE EQUIPMENT
- The titanium alloy VT3-1 has been used in fatigestd.
¥ = ZNFe (13) This type of material had after manufacturing pchoe for

compressors disks of aircraft engines Ultimateikers¢rength
in the range of 1040-1100 MPa with elongation aedtien
area reduction respectively (10.8-16) % and (37)-%.
Specimens for tests have been cut out from thesdi§ithe
second stage one of the engine compressor. Finally
manufactured specimens has been subjected torkasamnéent
with tempering af’ = 530T within 6 hours, and then cooling
on air [8].
Round bar specimens of 8mm in diameter with circula
notch of 2 mm in depth with stress raiser with @rication

where B — a constant depending on resilient cotstan
strengthening index and Paris law constants.

The relation obtained practically should not depend
crack type, as the latter determines mainly theatter of the
plastic deformation . As to the destruction procass AE
signals initiated by it in the material, the chaeacof the
rupture of the connections between the banks, vibieming
new crack surface, is determined only by the prigepof the
material.

In the model considered above (13) there appeais au ; )
parameter as summary AE i Nbading cycle. Hence arisas factor near 10 1.46 have used in 'Fhese experiments. .
question: Which loading cycles are to be taken into Specimens were then subjected to surface-hardening

consideration when calculating crack growth spegdthe tr_eatm_ent with _either hydraulic shot-peening by W”S
summary AE in a loading cycle? There exists a thabat with d|ameter_s in the range of (0.05-0.3 mm). Thedkening
fatigue crack development is of step character. Gd@inning degree_ was in the range of 1.1-1.27. Geometry ofpkes
of these stages is determined lwp «riterion — the breaks on tested is presented on Fig. 1.

the diagram of the dependence of summary acoustissen

on loading cycle number. Therefore it may be supgdbat

when calculating fatigue crack growth speed, it@sessary to
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Fig.1 Geometry of gdes tested
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Fig.2. Measurement equipment connection diagram.
1 - Control system computer, 2 - Control systemh$draulic cylinder, 4 — titanium specimen, 5 - AEansducer, 6 - prime amplifier, 7A®d-15, 8 - matching
device, 9 - ADC Lcard L-783, 10 - AE registeringmqauter.

During the tests, there was performed AE monitorfiog
the registration of the moment of the fatigue cradgination.
On Fig.2 there is shown a diagram of the connestimnAE Titanium
equipment for titanium specimens testing. specime

As an AE (5) sensor there was used a piezoelectric
transducer. Signal from the AE transducer via thene
amplifier was brought to AF-15 (7) measurement clemp
Further on AE formed pulses through a matching @evi
serving for galvanic signal decoupling and AE pulse
synchronization with loading parameters, are broughADC
Lcard L-783 (9). For the synchronization of AE mdswith
the load applied there was used a signal of stgginge
dynamometer U93.

For carrying out fatigue tests there was mountepeial Hydraulic
unit, presented on Fig. 3. The unit consists oframg, cylinder
hydraulic cylinder for load setting, and strain gau
dynamometer (HBM, U93 typejor monitoring the load
applied.

Cyclical fixed-sign load was applied to the sampbesng
tested. Loading frequency for all the samples wasHz.
Applied load value for each specimen was correatabrding
to the results of the previous tests. Loading vdhresome
titanium specimens are presented in Table 1.

For the purpose of the identification of the momeifit Fig.3 Titanium specimens testing unit
abrupt increase of summaAE count at the cyclic loading TABLE |
with the changes of the inside structure of theenmat sample

LOADING VALUE FORTITANIUM SPECIMENS

testing was stopped after the registration of angle the plot — . ,

of the dependence of total acoustic emission onldading Characteristic Specimenl | Specimer2

cycle number. Loading frequency, Hz 30 30
After going through the fatigue testing unit, thiEesimens Maximal load, kN 5,65 5,27

were subjected to monotonous tension up to therudsisn. Minimum load, kN 1,95 1,57

For this purpose, there was used a WPM testing meach Mean loadxH 3.8 342

worked out and finished at AVIATEST (see Fig.4). Load amplitude, kN 185 185

After that there was conducte_d a fractogra_lphlcsngapon of Asymmetry factor 0.345 0.298

the fracture. Specimen loading was carried out rabeg to —

the movement along with the monitoring of the lagglied. Operating time, cycles 415104 4725809
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Sample tension speed was 0,005 mm/s for the tension
process duration to be about 5 min. Such a litieling speed
was chosen to give the material a possibility tacteo the
tension in all the areas where it had tension cuma®rs, and,
first of all, where there had supposedly been farntiee
surface of a microcrack.

. TESTING RESULTS
Titanium

specimen £ e | £ The results of AE control of the conception of dag

] cracks in the samples were presented in the forplaié of
dependence of the totAlE on the number of loading cycles,
and fragments of synchronous record of AE signtdnisity
and the load applied.

Some of these plots are presented in Fig.5 and .Fithe
results of the fractographic investigation of thracture of
these samples are presented in Fig.6 and Fig.8.

As a result of the fractographic investigation efimple
fractures it was stated that in the samples thexe farmed a
typical fracture with plastic deformation bevelshieh is
usually observed at elastic failure of samples dein
monotonously stretched. Flat elastic fracture ertiddle and
plastic deformation bevels along the surface ofstraple.

It was discovered that in the middle part of ak ttamples
there had been formed a fracture relief with cot@emits.

An analogous relief in the form of elongated pitgswormed
along the plastic deformation bevels.

Fig.4 WPM testing machine
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Fig.5 Specimendel. Operating time — 415104 cycles. Summary AE dggNae in versus number of loading cycles N (timEsigments of synchronous record
of AE signal intensity and the load applied

64



Scientific Journal of Riga Technical University
Transport and Engineering. Intelligent Transport&sns

2010
Volume 34

> Vi A ¥, v WAy s T e T = e A
Date 119 Sep 2008 State Centre | IProbe= B0pA  Date:195ep2008 State Centre
Photo Mo.= 1872 for Flights Safety I i Signal A= SE1 Photo No.=2006  for Flights Safety

Ma X 33072mm  Stage atY = 19460 mm Mag= 133X EVO 40

o R e B a0 5 ST T 7K i B 3 X %
Fig.6 Specimenl. Operating time — 415104 cycles. Fractographiestigation of the fracture.
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Fig.7 Specimenae2. Operating time — 4725809 cycles. Summary AEagNae in versus number of loading cycles N (timeésgments of synchronous
record of AE signal intensity and the load applied
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Fig.8 Specimena2. Operating time — 4725809 cycle. Fractographiestigation of the fracture.
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At the same time, on each sample near the surface @
certain distance from the surface there were de@al/some
small areas of quasi-brittle destruction of the ermiat. Just
these areas of the fracture reflect the fact thétié material of
the sample there has already arisen a zone of ialateving
lost its strength (weakened), which was being teggsl by
“a - criterion” on the ground of the acceleration time
accumulation of summary AE signals. Thus the breakhe
dependence of total AE on loading cycle
(“a -criterion”) is identified as the moment of thenception
of a fatigue crack of microscopic size.

In some cases in the process of cyclic loading,tln
dependence of summary acoustic emission on loackete
number there may be observed a few breaks, aofawgles
(see Fig. 5). The results of fractographic investan of the
fractures of these samples showed that the nunfheangles
corresponds to the number of fatigue microcracksear(see
Fig.6).

CONCLUSIONS

From the investigations conducted the following mbg

concluded:

- The first break on the dependence of summAE on

loading cycle number §" criterion) is identified as the
moment of the conception of a fatigue crack of wscopic
size.

- If at the initial testing stage on the dependeatsummary
AE on loading cycle number there are observed abi@aks, a
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number of fatigue cracks formed.

- In the model of quantitative evaluation of faggurack
growth speed by the summary AE in the loading cytlerack
conception stage it is necessary to take into denafion in
the calculation only that summary AE in each logdaycle,
which falls to the stage of summary AE acceleratedvth on
loading cycle number (o criterion)
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tinu paraugu

Tradicioralas nesagrauja$ kontroles metodes, kuras tiek izmantotas koksias tehnisk stivokla noteik3anai iz@ginajumu laika (vizuali optiskas,
ultraskaas, virpustravas, maggtisko pulveru u.c.), ne vieninizradas efekivas. SagrSanas procesa kontroles uztichas paaugsti$anai ir lietdeigi papildus
pielietot akustisks emisijas metodi, ar kuras feibu ir iesgjams ne tikai konstat noguruma defektus saggfas konstrukcils un savienojumos, betiaekot
to attstibai.

Tiek uzskaits, ka akustisis emisijas atkaipas no slogoSanas ciklu skaita grafika pirmazsima punkts ir viens no noguruma plaisas ras&miterijiem (o-
kriterijs), pielietojot AE metodi. Lai apstiprtu So faktu, tika veikti tina sakauguma BT3-1 paraugu ar stipidfu virsmu $§rijas noguruma iz@ginajumi.
lzmgginajumu paraugiem tika pielikta cikliska, nemigias Zmes slodze. Visu paraugu slogoSanas frekvenc@bifdz. Noguruma plaisu pafiSaras paraugos AE
kontroles rezufiti tika at€loti ka sumnaras AE atkatbas no slogoSanas ciklu skaita grafiki un AE sligrintensitites un pielikis slodzes sinhra@nieraksta
fragmenti. So paraugiizumu fraktogifiskas izgtes rezuliti paidija, ka pirmais sumaras AE atkaibas no slogo3anas ciklu skaita grafikauma punkts ¢-
kriterijs) tiek identificcts ka mikroskopiskas noguruma plaisas ra&amoments.

Anexceii Hacubyuiun, Anexcanap Ypoax, Myxapouii banos. KoHTpo.1b 3apoikieHHs] YCTAJOCTHOI TPeLIHHBI METO0M AKYCTHYECKOH IMHCCHH NPH
HCNBITAHUSIX TUTAHOBBIX 00Pa310B

TpaauiMoHHBlE METObl HEPA3PYLIAIOLIEr0 KOHTPOIS, KOTOPhbIE HCIOJB3YIOTCS I KOHTPOJA 3a TEXHMYECKMM COCTOSHMEM KOHCTPYKIMH B Ipouecce
UCTBbITaHKH (YIBTPa3ByKOBbIC, TOKOBUXPEBbIC, MArHUTOMOPOIIKOBBIE, PEHTICHOCKOIMYECKUE M T.J1.) HE BCEra OKa3bIBAIOTCS (G (eKTHBHBIMHU. [IJIsi KOHTPOIIS 32
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IIPOLIECCOM pa3pyLICHHs IIOJIE3HO JOMOIHUTEIHHO HCHOIB30BATh METOJ aaKyCTHYECKOH YMUCCHH, ¢ IOMOIIBIO KOTOPOrO MOXKHO HE TOJBKO KOHCTaTHPOBATh
HOSIBJICHHE Ae(EKTOB B UCHBITHIBAEMBIX KOHCTPYKIUAX, HO U CIICAUTH 3a UX Pa3BHTHEM.

CunTaercs 4TO IEpBBI IeperoM Ha rpadHke 3aBUCHUMOCTU CyMMAapHOH aKyCTHYECKOH SYMUCCHU OT YHCIIA IUKJIOB HArPY>KCHUS SBIIETCSA OJHHM H3 KPUTEPUCEB
(o-xpuTepuii )BO3HHKHOBCHHS YCTAIOCTHOM TPEIMMHBI IPH MCMONB30BaHMU MeToga AD. [l MOATBEP)KACHIS 3TOrO KPUTEPHsT OBLIM MPOBEACHBI YCTATIOCTHBIC
UCIIBITAaHUS CEPUM 00Pa3LOB U3 THTAHOBOTO ciuiaBa BT3-1, ynpodyHeHHBIX ¢ MOBepXHOCTH. Bee nenbiThiBaeMble 00pasiibl MOABEPraly LIMKINYECKOH 3HAKOTIOCTOSHHON
Harpyske ¢ gacroroif 30I'm.

Pe3ynbTaThl UCHBITAHUH MPECTABICHB! B BUJE PadUKOB 3aBHCHMOCTU CyMMapHOH AD OT 4HCIa IUKIOB HArpyXXeHUS W ()parMeHTOB CHHXPOHHOH 3alHCH
MHTEHCHBHOCTH CHTHaJoB AD M IpHKIaJblBacMoil Harpy3ku. IIpoBeseHO comocTaBieHHE MAaHHBIX MOJMYYEHHBIX MeTofoM AD ¢  pesyibTaTaMu
¢pakTorpadmaeckoro aHanu3a u3noma. [IpoBeneHHbIe HCCIEAOBAHUS IOKA3aIIH, YTO IEPBBIM IIepeoM Ha 3aBUCHMOCTH CyMMapHOI AD OT YHCIia IUKIIOB HATPYKCHUS
(a-xpuTepwit) BISETCS MOMEHTOM BO3HUKHOBEHHS YCTAIOCTHOM TPEIIHHBL.
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