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Using Acoustic Emission Method When Carrying ou
Fatigue Tests of Pitch Arm of EHO1 Helicopter

Aleksey Nasibullin AVIATEST LNK Ltd

Abstract. In the process of fatigue testing it is important to
register the arising of the fatigue damages at the earliest stage.
Thiswork shows the efficiency of using acoustic emission method
on the example of conducting fatigue testing of pitch arm of EH
101 helicopter. There is given the description of a stand and
methods of conducting fatigue testing of a pitch arm of EH 101
helicopter. The AE method was used for monitoring the arising
and growth of afatigue crack.
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INTRODUCTION

At the given moment one of priority directions dfet
development of modern aviation is the increasingesfods of
safe operation of aircraft equipment. Carrying ontground
static and fatigue strength tests of aircraft eogpt and its
components with the use of various kinds of nortrdetive
testing (NT) is a necessary condition both for ¢ketification
of new equipment and for the prolongation of ogeratime
of airplanes and helicopters already in use. Ais iknown,
fatigue cracks along with metal corrosion are thmqggpal

causes of the arising of multi-site damages and the

development of catastrophic faults, which is theagest
danger in the process of the operation of airataftctures [1].

condition of the pitch arm of EH 101 helicopter whe
conducting fatigue testing.

TESTINGMETHODS ANDTHE USE OFEQUIPMENT

Fatigue testing was conducted according to a tpstin
program submitted by the testing customer. On Fithere is
presented a diagram of a stand for EH 101 helicopiteh
arm testing, indicating the direction of loadingolgation for
each hydraulic cylinder.

For loading application set by the testing progtaere are
used four cylinders: HF - horizontal force, VF —tial force,

RF — pitch link force, CF — centrifugal force. Mimim and
maximum loading value for each loading channel are
presented in Table 1.

TABLE |
MINIMUM AND MAXIMUM LOADING VALUE FOREACH LOADING CHANNEL
Pmin, kN Pmax, kN
HF 0,00 -44,14
VF -29,43 39,24
RF 0,00 42,18
CF 0,00 462,00

The loading of the testing object was conductediaaity.

Therefore in the process of fatigue testing iniportant at the Each loading cycle had trapezium shape and codsistéour
earliest stage to register the arising of the tetigamages and loading stages (See Fig.2). Stage 1 — loading paépe
to monitor the development of those by modern mighesed (t=1s, HF=0kN, VF=-29,43kN, RF=0kN, CF=0kN) Stage-2
for monitoring the state of the structure includimgthods of arrival at the set load (t=s). Stage 3— keepingldhe (t=1s,

high-and-low-frequency eddy currents, radiographethods,
methods of ultrasonic waves of pigmented penetydifuids.
However, in most of these methods, it is rather mlarated to
automate the process of diagnosing. A very muclmfziog

HF=-44,14kN, VF=39,24kN, RF=42,18kN, CF=462kN).
Stage 4 — unloading (t=1s). The total duration ¢ ¢oading
cycleis 4 s.

The testing of the pitch arm was conducted until

method is a method of acoustic emission (AE). THe Adiscovering a fatigue crack by visual method. s purpose

method allows discovering structure faults and gfatig
damages at hard-to-access places with high retiaff].
Using AE method, it is possible to discover withghni
reliability structure faults and fatigue damages hard-to-
access places of the structure and to monitor
development both during fatigue testing and theratjmn as
well as classify the damages by danger degreeirButactice
it is rather hard to use the AE method, for thergnéevel and
principal characteristics of the useful signal #igantly
depend on properties of the material, and the poé the
development of the fault is, as a rule, accompabigedoises
close to the characteristics of the AE signals.sTaiticle

there was conducted periodical visual inspectiotheftesting
subject for a crack. The AE method was also used fo
monitoring the arising and growing of the fatiguaak there.
In Fig.3 shows a diagram of the connections of gHigment

thdRr pitch arm testing.

A piezoelectric transducer (4) was used as an AEdBsor.
Signal from the AE transducer via the prime ametifivas
brought to AF-15 (7) measurement complex. FurtherA&
formed pulses through a matching device servingyédvanic
signal decoupling and AE pulse synchronization Watding
parameters are brought #d1IT Lcard L-783 (9). A signal of
dynamometer channel CF was used for the synchrtioizaf

examines the use of AE method for monitoring techini AE pulses with the load applied.
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Fig.1. Diagram of a Stand for conducting fatigugtitey of a pitch arm of EH-101 helicopter
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Fig.2. A Cyclogram of load application to the pittm of EH-101 helicopter
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Fig.3. Measurement equipment connection diagranCdntrol system computer, 2 - Control systemh§draulic cylinders, 4 - pitch arm, 5 - AE Transdy®
- prime amplifier, 7 A®-15, 8 - matching device, QIIT Lcard L-783, 10 - AE registering computer.

TESTINGRESULTS

Fatigue testing was stopped at 136137 cycle runaftey
visual discovering of fatigue crack of 15 mm len(ftig.4).

Fig.4 Fatigue crack of 15 mm length after 13613#ling cycle.

The results of AE monitoring technical condition e
pitch arm are presented in the form of a graptuaireary AE
against cycle number (Fig.5). The presented graply be
divided into 7 sectors characterized by variousedpef AE
signal accumulation in the process of conducting fitigue
testing [3, 4, 5]. In Fig.6 there are presentedyrfrants of
synchronous record of AE signal intensity and tladl
applied, which is characteristic for each of thevese
fragments.

Analysis of AE data obtained, results of fractodpiap
research of the fracture as well as results obdaiwben
conducting analogous research [6, 7], allow expiginthe
behaviour of the forming of AE signals in the follimg way.

Let us examine in more detail each of the sectérthe
graph presented on Fig.4.

Testing initial period, sector 1 running from 0 tgp 4700
cycles (Fig.5) is characterized by a little summaABy. In the
synchronous record Fig.6.1 it is seen that AE pulsessess
little intensity and frequency of the arising. TAE signals
arise both when loading the testing object (stagan2l when
unloading that (stage 4) and are caused by acausiies due
to the operation of the stand (backlashes anddnikt

In the next section running 4700 up to 51300 (sge&)the

speed of building up of the summary AE increased in

comparison with the first sector. On the synchr@ncecord
(Fig.6.2) it is seen that AE signal frequency imaseased, AE
signals arrive actually during all the time of amhing the set
load (stage2) and when unloading the testing olfage 4)
and have the most intensity at the moment of theding. At
this section probably is going on the energy acdatian in

various zones of the dislocation [8].

The third section of the graph, running from 513@0
52125 (see Fig.5), is characterized by “wild” grbwbf
summary AE. On all its length there was recordeal rifost
speed of summary AE building up during all the itfae”
testing. On the synchronous record (Fig.6.3) tlieseen that
AE pulses have great intensity and very high péisgquency
of the summary AE and come actually uninterruptelliring
all four loading stages. The following investigatiof the
fracture conducted along the “fatigue crack” showleat the
arising of the crack had taken place on the exasngeztion
from the opening of the bolt of the pitch arm fagatg.
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Fig.6. Fragments of synchronous record of iyaal intensity and of the loading applied by CRuchel
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After 52125 cycle running, the speed of the butdup of
summary AE lowered significantly, see section 4rfr62125 -
62590 cycle running (see Fig.5). Section 4 by fheed of the
building up of the summary AE may be compared wiite
section 1. In the synchronous record (see Fig. i6.4) seen
that AE signals have little frequency although thatensity
then is rather high.

Signals with the most AE intensity appear basicailyhe
first half of the stage of testing object unloadiSypposedly
at this section there is arising a new stage —ouof énergy
building up, and the growth of the crack has atyustbpped.

- registration of the moment of a micro-crack havin
become a crack.
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Aleksejs Nasibullins. Akustiskas emisijas metodes pielietojums helikoptera EH-101 propeller a sola vadibas r oksvir as nogur uma par baudes

Nogurumu iznéginajumu proces ir svafigi iesggjami agék registret nogurumu bajjumu raSanos un turpak kontrokt to atistibu. Akustiskis emisijas metode
lauj ar lielu ticaribu atkht strukfiru defektus un nogurumu lgjmus giiti pieejamos konstrukcijas iecifis, k& ai kontrokt to atistbu gan nogurumu
izmeginajumos, gan ekspluatija. Izmantojot akustisls emisijas metodi, ir iesfams atkéit defektus agr to raSaas stadifi, ka af klasificgt bojagjuma
bistambas pafpi.

Saf darts ir paradita akustisks emisijas metodes izmanto$anas efektivjtizmantojot nogurumaapbaudis EH-101 propellera $@ vadbas roksviraspieneru.
Ir dotas stenda un EH-10gdropellera sta vadbas roksvirasveiktais noguruma gsbauzu metodikas apraksts ar pieliekamo slodZzu mmals noZmju
noradijumu un to virzieniem.

Plaisas raSas un afisibas kontroli veica gan viali veidi, gan gc AE metodes. Kontrolei ar pigdijamo metodi uz propellera lsovadbas roksvirastika
uzstdits pjezoelektrisks deéjs, ar kura patizibu konstrukcijas slogojuma gatika resistréti AE sigrali. Izméginajumu gaiti sinhroni tika rgistretas akustisks
emisijas sigala imepa un noslodzesértibas, k& aif tika noteikts AE sigila stivoklis katia noslodzes cildl.

Parbauzu rezuftti tika at€loti atkafbas grafilg, kur uziditas sumraras akustisks emisijas izmaias Nas no noslodzes ciklu skaitaun uzaditas cikliskis
slodzes un akustigk emisijas intengites mainas sinhroni ieraksti. Ir veikta samto akustisks emisijas metodes datuisiinaSana ar fraktogfiskas izuma
anaizes rezulitiem. Veiktie Etijumi paédija - AE metode padiz fiksst noguruma mikroplaisu rasSabiidi, ka aff to var izmantot noguruma plaisistamas
atistibas noteikSanai. Veiktiegpjumi lauj ieaut AE metodi atbilthu konstrukciju stenda izgginajumu tehnolgija.
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Aunekceii Hacubynaun. Mcnosnb3oBaHue MeToJa aKyCTHYeCKOil 3MHCCHHM NPH NMPOBEICHHH YCTAJOCTHBIX MCNBITAHMI pbIYara ynpasjieHHs IIAroM
BHHTA BepToJieta EH-101

B mpomecce ycTanoOCTHBIX HCHBITAHHN BaXKHO Ha CAMOM DaHHEM JTalle 3aperHCTPHPOBATh BOZHUKHOBEHHE YCTAJOCTHBIX HMOBPEXKICHHI U B JalbHEHIIEM
KOHTPOJIIPOBATh UX pa3BuTue. Merox AD mO3BOMISLET C OONBIION TOCTOBEPHOCTHIO OOHAPYKHBATh CTPYKTYpPHBIC Je(EKTHI H yCTAIOCTHBIC MOBPEKICHHS Ha
TPYAHOJOCTYIHBIX YYaCTKaX KOHCTPYKIMH U CIEJMTh 33 UX PA3BUTHEM KaK IIPH YCTAJOCTHBIX HCIBITAHMSAX, TaK M B 3KCIUTyaTauuu. Mcnonesys meron AD
MO>KHO OOHApYKHTH Je(eKThl Ha paHHEeH CTaJuu Pa3BUTHA.

B namnoii pabore mokasaHa d((EKTHBHOCTh HCIIONb30BaHUS METOJa aKyCTHUECKOH DMHCCHHM Ha HpHMeEpe NPOBEACHUH YCTAIOCTHBIX MCIBITAHWI phIUara
ynpasieHus 1marom BunTa Bepronera EH-101. Jlano onucanue cTeHJa W METOAWKM MPOBEICHMS YCTAIOCTHBIX MCIBITAHUN pbluara yrpaBJCHHs 1IaroM BHHTa
Bepronera EH-101.

KoHTponb BO3HUKHOBCHUS U Pa3BUTHUS yCTAIIOCTHOH TPEIIMHBI OCYIIECTBIIIN KaK BU3yalbHBIM CIIOCOOOM, Tak ¥ MeTofoM AD. Jlng koHTponst MeTonoM AD Ha
pbIYar ynpaBJICHHS IIarOM BUHTA ObLT YCTAHOBJICH MbE303JICKTPUUECKHIl JATUHK, C MOMOIBIO KOTOPOTrO B XOJI€ HArPY)XCHHUS KOHCTPYKIIUH PErHCTPHPOBAINCH
curaans! AD. B xone HcnbITaHui CHHXPOHHO PETHCTPHPOBAIIN 3HAYCHHS YPOBHS CHUTHANIA aKyCTHIECKOH SMICCUH M HaTPY3KH, a TaKkKe ONPEACIISUIH IIOI0KCHHIEe
curaana AD B KaXKIOM IIUKJIE HATPY>KCHHS.

Pe3ynbTaThl MCHBITAaHUH NPEACTAaBICHBI B BHAE Tpadyka 3aBHCHMOCTH CyMMapHOH AD OT 4ucia LMKIOB HarpyXeHWs M ()parMeHTOB CHHXPOHHOW 3amucH
UHTCHCHBHOCTH CHTHAIOB AD U IpUKIafbBacMOi Harpy3ku. IIpoBeeHO COIOCTaBICHHE JaHHBIX IOMYYCHHBIX MeTogoM AD ¢ pe3ynbTaTaMu
¢pakTorpaduyeckoro aHanusa usnoma. [IpoBeneHHBIE HCCIEIOBAHUS IIOKA3alH, 4TO MeTon AD MOXeT (HUKCHPOBATh MOMEHT 3apOXKACHUS YCTaJOCTHOU
TPEIIMHBI, & TAK)XE MOXET MCIIONIb30BAThCSA JUIA ONpECICHHS CTENEHH OINAaCHOCTHM YCTAIOCTHBIX TPEIIMH MO MX pa3BUTHIO. IIpOBeIeHHBIC MCCIENOBaHMSA
MIO3BOJISIOT BKIIOYUTH METO AD B TEXHOJOTHIO CTEHIOBBIX HCIIBITAHUI OTBETCTBEHHBIX CHUJIOBBIX KOHCTPYKITHIL.
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