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CHUCTEMMU HEPYHHIBHOI'O KOHTPOJIIO KOMIIO3UIIIMHNUX
MATEPIAJIIB I3 CTIIbHUKOBUM 3AIIOBHIOBAYEM HA OCHOBI

METOAY HUSBKOUWBUJIKICHOI'O YAAPY
Pensko O.0.
Kageopa ingpopmayiiino-eumipiosanvnux cucmem, Hayionanonuii asiayitinuii ynisepcumem, Kuis, ¥Yxpaina, E-mail:
ralex_sh@mail.ru

Mana poboma npucesauena po3ensady ICHyIOUUX CUCHIEM
HepYIHi6H020 KOHMPOJIIO KOMRO3UUWINHUX Mmamepianie i3
CMITLHUKOBUM HANOGHIOBAYEM, AKI IPYHMYIOMbCA HA Mem OOl
HU3bKOWEUOKicHoz0 yoapy. Onucani ix ¢yukyionanvni
ocobnueocmi ma moxycaueocmi. Ilpusedeni ma ouineni
nepesazu ma HedONIKU cucmem KOHMPOIO.

Kntouoei cnosa — HepyunigHuit KoHmpoab, Memoo
HU3bKOWGUOKICHO20  yOapy, — KOMNO3uuiitni  mamepianu,
ingpopmamuenuii napamemp, NI LabVIEW .

l. Beryn

IIpu npoBeneHHI HEpyHHIBHOTO KOHTPOIIO BHPOOIB 13
KOMIO3UIIHHAX MaTepiaiiB OLTbII ITHPOKO 3aCTOCOBYIOTHCS
HHU3bKOYACTOTHI aKyCTHYHI METOAM: METOJ| BUIBHUX KOJIMBAaHb,
iMITelaHCHUH Ta HHM3BKOLIBHAKICHOTO yaapy. HasBHicTh
nedekTy y BUpOOi TPU KOHTPOJI 3raJlaHMMH METOJaMH MOXKE
NPU3BECTH [0 3MiHM OJHOYAaCHO KUIBKOX IIapaMeTpiB
iHpopmaniitHoro curnamy. Jlis IMIIETaHCHOTO MeETONy IIpU
OesmepepBHOMY 30y/UKEHHI MEPETBOPIOBaYa Ma€ MICIe 3MiHa
TaKuX TapaMeTpiB SIK aMIUliTyZa Ta HapyaibHa (asza
CHHYCOINAJTBbHOTO CHUTHANy, NpPU IMITyJIbCHOMY 30YyIKEHHI —
amIniTya ta gopma oOBiTHOI iHPOPMAIIHOTO IMITYIBCY; IS
METOJy BUTBHHX KOJHMBaHb — MHOXKHHA TapMOHIK BUIBHUX
KOJINBaHb KOHTPOJIbOBaHOT 30HH; UL METOy
HU3BKOIIBHKICHOTO yIapy — aMIUTITyAa, TPUBAJicTh 1 Gopma
iMImynbey  ymapHoi B3aemoxii. OcTaHHIE MeTOX  103BOJISIE
BUSIBIITH OlbIl HeOe3nmeuHi OedeKTH, a TaKoXK 3MiHy MOIYIIO
TpyXkHOCTI Ta Koedimienty [lyaccona.

I1. Cuctemu HepyiiHiBHOTO KOHTPOJIIO

Oipmoro  Mitsui & Company, Ltd. pospoGieno cepito
nedexrockonis Woodpecker mibOBUM IPH3HAYECHHSIM SKUX €
HepYHHIBHUII KOHTPOJIb CTiIJIbHUKOBHX IaHeseil 0a3ylounch Ha
MeToIi Hu3bKomBHAKiCHOTO ymapy (puc. 1). Woodpecker
BUKOPHUCTOBYE B SKOCTI iH(QOPMATHBHOTO IMapaMeTpy TiTbKH
TPUBANICTh IMIYJbCYy, YOTO HE JOCTaTHBO M TOYHOI
knacugikamii 1eeKTiB Ta BU3HAYCHHS CTYIIEHS IOIIKOKESHHS
o6’exkry  koutpomo  [1]. Jlammit  mpwiam  yCHilIHO
BUKOPUCTOBYETHCSI B HEPYHHIBHOMY KOHTPOJII JIiTakiB Mojesel
«Airbus».

Puc. 1. Mitsui Woodpecker WP-632AM.
PesynbraTn nocnmimkeHs [2] oTpuMaHi mpu HepyHHIBHOMY
KOHTPOJI BHPOOIB 3 MOJIMEPHHUX KOMIIO3HIIHHX MarepiaiiB

IMIETAaHCHIM ~ METOJIOM, sKHH  3acTocoByeThcss B [I1
«AHTOHOB», mnoka3zanu OOMEXEHHS ITaHOTO METOAY IIPH

BUSIBJICHHI Ae(eKTiB, 10 MNIMO0KO 3aisraroTh (Ha riubuHi 10-15
MM a0o0 IOJIOBUHHM TOBLIMHU CTUIBHUKOBOI KOHCTpYKLii), a
Tako)X OOMEXKEHHSA IO BHABJICHHIO Je(eKTiB BHYTPIIIHBOT
OOIMBKU MpU CKAaHYBaHHI 13 30BHIIIHBOI CTOPOHHU MaHemi. Y
NPOBEICHUX  JOCHIIPKEHHAX  OyJd0  BCTAHOBJEHO, IO
BIpPOTiZHICTE  BHSBICHHS  JedeKTiB, pO3TAlIOBaHUX 3
BHYTPINIHEOI CTOPOHM OOIIMBKHM 32 JIONIOMOTOI0 METOIY
HU3BKONIBHAKICHOTO  ynapy 3HayHO BWINE, HDK IpH
BHUKOPUCTaHHI IMIIEJAHCHOTO MeTOoy. ToMy B SIKOCTi (hi3HIHOTO
METOJy AIarHOCTHKK OYyB OOpaHuii METOJ| HU3BKOIIBHIKICHOTO
yaapy.

Ha «xadenmpi iHdopmMauiiiHO-BUMIpPIOBAIBHUX  CHCTEM
HauionanbHoro asiawiitHoro yHiBepcuteTy Oyna po3poOieHa
cremiaibHa CHCTeMa JJIsl BHSBICHHS JNe(EKTIiB KOMITO3HIIIHHIX
MarepiajJiB METOZOM HH3BKOIIBHIKICHOTO ynapy [3], meromu
00poOKK THQOPMAIIMHUX CHUTHATIB, a TaKOX PO3POOJICHO B
cepenoBumyi  LabVIEW 2010  BiamoBimHe — mporpamne
3abe3neyeHHs, sKe peanizye mi merogu o0pobku (puc. 2).
Pozpobnena cucrema Oyna BumpoOyBaHa Uil BHSABJICHHS Ta
IiarHOCTHKH Je(eKTiB Ha 3pa3kax KOMITO3HMLIHHUX MaTepialis,
mo Hamexats Il «AHTOHOB» i1 BHKOPHUCTOBYIOTBCSA TNIPH
BUPOOHUIITBI JIITAKIB MOJIENICH «AH.

Cucrema J1iarHOCTHKY J1e(eKTiB KOMIIO3UIIHHUX MaTepiajiB
Ma€ BIAMOBITHE TporpaMHe 3a0e3MEUYCHHS B CEPEIOBHIIN
LabVIEW (puc. 3), 3matHe peectpyBatd 1 3aificHIOBaTH
00poOKy oTpuMaHuxX iHGOpPMALIHAX CUTHANIB, 30KpeMa
BUBOJUTH PEECTPOBAHI CHUTHAIM Yy BHUIJIAL OCLHWIOTPAM,
BUMIpPIOBATH TIapaMeTpH CHUTHANiB, OyAyBaTH BHpILIATIbHI
ImpaBWa 3a BHUMIPSHAMH TapaMeTpaMHd 1 BHKOHYBaTH
IIarHOCTHKY CHTHAJiB, IPOBOAWUTH PO3KIAA PEECTPOBAHUX
CUTHAIIB 3a oOpToroHanbHUMH Oasucamu Dyp'e i Xaapa,
MOPIBHIOBATH BUOIPKU BIIUTIKIB 331aHOT0 KoeilieHTa po3KIamay
3a KpUTEpiEM €BKJIIJOBOi BiJCTaHi 1 3a HemapaMeTpHYHUMH
KPHUTEPISIMU 3rOJM, BUKOHYBAaTH aHali3 (OPMH pPEECTPOBAHUX
CUTHAJIIB, TMPOTHO3YBAaTH 3HAYEHHS MEX IOBipUOi IMOBIpHOCTI
iH(pOPMAaLITHAX TapaMeTpiB IS MIEBHOTO CTYMEHs Ae()EeKTHOCTI
Ta TPOBOJWTH pO3Mi3HaBaHHA 0Opa3iB 32 JOIOMOTOIO

HEHPOHHHUX MEPEeX aJaNTUBHOI PE30HAHCHOT Teopii.

Puc. 2. 3aranbHuil BUrIIS] CUCTEMH HEPYHHIBHOTO KOHTPOJTIO.
BukonyBatH  giarHocTHKy —aedekTiB y  3pa3kax 3
MOTIMEPHUX KOMITO3HULIHUX MaTepiatiB npu oOpoOLli CUrHAIB,
[0 PEECTPYIOTHCA DPO3POOICHOI0 CHCTEMOIO IIPOIOHYETHCS
YOTHPMa CII0CO0aMu:
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1. Amnamizyroun 3MIHM aMIUNTyOd 1  TPHUBAIOCTI
PEECTPOBAHUX CHTHANIB OKPEMO, i B CYKYIHOCTi — 3BIBLIM IIi
JIBa MapaMeTpH B 3arajibHuUi npoctip.[2].

2. lllnaxoM cTaTUCTHYHOT OOPOOKH peeCTPOBAHUX CHTHAIIB,
0 BKJIOYaE B cebe po3kinan iHopMariiHUX CHrHANIB 3a
oproroHanbHuMHE Oasucamu Dyp'e abo Xaapa Ta aHamizy
CIIEKTPaJIbHUX T'YCTHH iH(GOPMAaNiifHUX CHI'HAIIB 3a JOIIOMOTOIO
posmoiiy xi-kBaapar [3].

3. Amnanizyioun 3MiHy (GOpMH pPEECTPOBAaHUX CHTHAJIB i3
3aCTOCYBaHHSIM HEMPOHHUX MEpEX AaJalTUBHOI PE30HAHCHOL
teopii (ART-2 i Fuzzy-ART) [4], ¢dopmytoun B mam'sti
HeWPOHHOI Mepexi 006pa3 abo obpas3u iHpOpMaIiIHHIX CUTHATIB,
IO XapakTepHu3ylTh 0e3aeeKTHI AUISHKH KOHTPOJIHOBAHOTO
3pasKa, 1 3iCTaBISII0YN PEECTPOBaHI CHTHAIH 31 C(OPMOBAHUMHU
obOpazamu.

4. BukopucToByrouH B SKOCTi iHGOpMATHBHHX ITapaMeTpiB
CTATHUCTHYHI XapaKTepUCTHKHU iHpopmMauiitHoro curxany [5].
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Puc. 3. Inrepdeiic cucremn HepyHHIBHOIO KOHTPOJTIO.

Woodpecker ¢ipmu Mitsui ta pospo6ka kadeapu IBC HAY
JO3BOJISIE  BH3HAYWTH 30HM 3  AHOMAJIBHUMH  (pi3HKO-
MEXaHIYHUMH XapaKTepUCTHKAMH, PO3IIapyBaHHs OOLIMBKH Bil
CTUTPHHKOBOTO  HAlOBHIOBa4a  (SK  TAlepoBOTO  TaK i
MeTaneBoro), naepopMaliiro Ta pYHHYBaHHS CTUIBHHUKIB 3
TIMOWHOI0 KOHTPOJIO 25 MM Ta pPO3IIIBHOI0 3IAaTHICTIO Y
BITUM3HAHOI Po3poOKkH 2 MM 2, Mitsui — 625 mMm 2.

I11. BucHoBxu

Cucrema HepyHHIBHOTO KOHTPOJIO po3pobieHa Ha kadenpi
IBC HAVY Ha BinMiHy BiJ aHaJOTi4HOi PO3POOKH SITOHCBHKOT
¢bipmu Mitsui 1o3Bossie Ginbln TOYHO Ta AKICHO BH3HAYATH Ta
kinacugpikyBatH AeeKTH KOMIIO3MIIHHMX MarepiaiiB i3
CTIIBHUKOBHM  HAllOBHIOBaYeM  3aBASKH  BUKOPHCTAHHIO
OararomapaMeTpuyHOi CTATHCTHYHOI OOpOOKM B pealbHOMY
gaci i3 30epexeHHsIM iH(opMaii s MOJaTbIINX JOCTiKEHb.
Ho mnepesar Woodpecker Mo’xHa BiHECTH TOPTATHBHICTb,
MOXKITUBICTh BUKOPHCTAHHS B MPOIIEC] PYXY JITATBHOTO amapary
He mBuie 3a 20 cM/CeK Ta MmiJ KyToM Haxuiy 10 20°.

1V. Cnincok gitepatypu

[1] Development of the woodpecker tap tester. J. R. Technology lim-
ited U.K [Enextpomnmii pecypc] — Pexum mocrymy:
http://www.compositesuk.co.uk/LinkClick.aspx?fileticket=2CfjWt
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SYSTEMS OF NONDESTRUCTIVE TESTING
HONEYCOMB PANEL BASED ON THE METH-
OD OF LOW-VELOCITY IMPACT

Redko O.0.
Information-Measuring Systems Department, National Aviation
University, Kyiv, Ukraine

This work is devoted to viewing of existing methods of nonde-
structive testing of composite components with honeycomb sand-
wich parts based on the method of low-velocity impact. Advantage
of the last before other low-frequency acoustic methods is a possi-
bility to define the zones with abnormal physical-mechanical char-
acteristics in diagnosed composites. Diagnostics of composite mate-
rials is complicated by a big variety of possible defects, and also
complexity of manufacturing standard samples with the stated
parameters. In this regard for high-quality, exact, fast detection and
classification of defects advisably to use statistical processing on
several parameters of information signals.

Two systems of nondestructive control were compared: Mitsui
Woodpecker and product of IMS Department NAU. The first is
hand-held and also easy in operation, uses one parameter of infor-
mation signal — duration of an impulse, but that is enough only for
preliminary control. Woodpecker is successfully used in nondestruc-
tive control of planes of the Airbus models.

In Information-Measuring Systems Department of National
Auviation University was elaborated special system for detection in
composite materials based on the method of low-velocity impact
[3], methods of signals processing, and also was worked out spe-
cialized software in program environment NI LabView 2010. The
monitoring system can carry out diagnostics of composite materials
with honeycomb filler in four ways:

1. Analyzing changes of amplitude and duration of the regis-
tered signals separately, and in aggregate — having collected these
two parameters in the general space [2];

2. By statistical processing of the registered signals that includes
decomposition of information signals on orthogonal bases of Fourier
or Haar and the analysis of spectral density of information signals
by means of distribution a chi-square [3];

3. Analyzing change of a form of the registered signals with use
of neural networks of the adaptive resonant theory (ART-2 i Fuzzy-
ART) [4], forming in memory of a neural network one or several
images of information signals; charactirizing the normal area of a
controllable sample, and comparing the registered signals with the
created images;

4. Using as informative parameter statistical characteristics of
information signal [5].

Such approach allows to carry out rather exact diagnostics of
composite materials that promotes safety of airplane and extension
of a resource of honeycomb sandwich parts used on aircraft.

Mitsui Woodpecker can work with inclination of sensor not
more than 20 ° by comparison to a system of [IMS Department
NAU sensor of that can work effectively only on horizontally locat-
ed object of control. Discriminability of Woodpecker is 625 mm?, of
the Ukrainian system of control - 2 mm?.

l-a misccnapoona nayrxoso-npaxmuuna Konghepenyis
Di3uKo-mexHono2iuHi npodIemMu padiomexHiYHUX NPUCMpois, 3aco0i6 meieKOMyHIKayill, HaHO- MA MIKPOeIeKMPOHIKU
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