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V]IK 62-278
C. B. CABYEHKO, I. C. THMYHK

METO/] KOHTPOJISI CBAPHUX COEJVUHEHUMN BAJLNIMCTUYECKHUX CTAJIEM IOCPEJICTBOM
AKYCTHYECKOM SMHACCHUA

PaccmaTpuBaeTcsi IpUMEHEHHE METOJa aKyCTHYeCKOit amuccun (AD) /sl KOHTPOIIS CBapHBIX COCAMHEHUH Oamnctrdeckux craneit AR. B ocHose
MeToJ1a JIeXKUT (PU3NUECKOE SBJICHUE U3JTyYCHUS] BOJIH HANPSHKEHUH MpU OBICTPOIl JIOKaJbHOW MEpecTpoiike CTpyKTypsl Martepuana. MccnenoBanue
MIPOBOJWIIOCH NP CHSTHH HAarpy3KH ¢ o0pa3lia ¢ IPHMEHEHHEM IIMPOKOIOIOCHEIX aKyCTHYSCKUX ITbe30JaTINKOB M HOBOM CHCTEMOI! rpayHpOBKH
nat4ukoB AD. Bblla BBINOJHEHAa CTHIKOBKA CHCTEMBI TPAJyMPOBKH C IEPCOHAIBHBIM KOMIIBIOTEPOM, Pa3paboTaHO CIELHAIbHOE IPOrpaMMHOE
obecredenne, MO3BOIIIONIEE B [I0IyaBTOMATHIECKOM PEXUME MOTy4YaTh aMIUIUTYIHO-YaCTOTHYIO XapaKTePUCTUKY KajKA0TO JaTUHKA.

KoroueBble c10Ba: akycTHYeCKasi SIMHCCHS, KOHTPOJIb CBAPHBIX IIBOB, OAJUIMCTHYECKas CTajb, IIbE30JaTYNK, Hepa3pyIIAlOIHii KOHTPOIIb,
CpEJICTBO 3alIl[HThI.

Po3risigaeTsest 3acTOCYBaHHS METOy aKyCTU4HOI emicii (AE) mis KOHTpoIto 3BapHUX 3'€JHaHb OanmicTuuHuX craneil AR. B 0CHOBI MeTOIy J€XKUTH
¢bi3uuHe sIBUILE BUIPOMIHIOBAHHS XBUJIb HAIPY)KeHb HPH LIBUAKIH JOKaIbHIH nepeOyaoBi cTpyKTypH Marepiaity. JlociipKeHHsT IPOBOAMIOCS TIPU
3HATTI HABAHTAXKEHHA 31 3paska i3 3aCTOCYBAaHHSAM IIUPOKOCMYTOBHX aKyCTHUHMX IT'€30[aTUMKIB i HOBOIO CHCTEMOIO rpajaytoBaHHs aaTuukiB AE.
Byna BUKOHAaHA CTUKOBKA CHCTEMH I'PaIyIOBaHHS 3 IIEPCOHAIBHIM KOMII'TOTEPOM, PO3POOICHO CIeNiaibHe IPOrpaMHe 3a0€3IIeUeHHS, 0 T03BOIIIE B
HaIiBaBTOMaTHYHOMY PEKHMMi OTPHMYBATH aMILIITYJHO-4aCTOTHY XapPaKTEPUCTUKY KOXKHOTO JIaTuHKa.

Kuaro4oBi ciioBa: akycTH4Ha eMicis, KOHTPOJIb 3BaPHUX LIBIB, OAIICTUYHA CTalb, I €30/JaTYMK, HEPYHHIBHUI KOHTPOIIb, 3aCi0 3aXHCTY.

The application of the acoustic emission method (AE) for the control of welded joints of ballistic steel AR is considered. The method is based on the
physical phenomenon of radiation of stress waves during fast local rearrangement of the material structure. The study was carried out with the
removal of the load from the sample using broadband acoustic piezoelectric sensors and a new system for calibrating the AE sensors. The calibration
system was mapped to a personal computer, special software was developed that allows the semi-automatic mode to obtain the amplitude-frequency
response of each sensor.

The use of this method of finding weld defects gives high accuracy and efficiency and allows a tangible reduction in costs and production time.
A promising direction is the development of methods for filtering the acoustic signal to increase the accuracy of the method of control.

Keywords: acoustic emission, control of welded joints, ballistic steel, piezoelectric sensor, non-destructive testing, protective equipment.

BBenenne. BoeHHas NpOMBINIIEHHOCTh M cdepa,
CBsI3aHHAs C CHCTEMO 0€3011acHOCTH, SBIISIFOTCS JIMAEpa-
MH 110 MaKCHMaJIbHOMY BHEIPEHHIO HOBEHIINX TEXHOJO-
ruii. COBpeMEHHOE OpY)KHE JAeT TONYOK ISl Pa3BUTHSA
HOBEHIIINX CPEACTB 3aIIUTHI OT HEE, CPE KOTOPHIX Oai-
JUCTUYECKAs CTalb OJUH U3 CaMBIX SIPKHUX IIPEACTaBHUTE-
ned. ApMusi, TIONUIMSA, Pa3iIMYHbIE YacTHBIE OXPaHHbIC

areHTCTBA, CITY’KOBI OC30MTACHOCTH, a TAK)KEe HHKACCATOPHI
- BOT IJIe MCIOJIb3YIOTCS KaK COBPEMEHHBIE BHJIBI BOOPY-
JKEHUH, TaK ¥ CUCTEMBI 3alIUTEI OT HUX.

W3roTosiieHre O0ATMCTHYECKOM CTaIH U KOHCTPYK-
Uil U3 HEe, UMEET PsIJi TEXHOJOTMYECKUX CIOXKHOCTEH.
OxHa U3 OCHOBHBIX IPOOJIEM 3TO CBAPUBAEMOCTH 3THX
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CTaJlell U COIYTCTBYIOLIKE MPOOJIEMbI KOTOPBIE IIPH 3TOM
BO3HUKAIOT.

AXTyasbHOI NpoOJIEeMOii SIBJISIETCSl TUAarHOCTHKA Ka-
YecTBa CBapHBIX IIBOB OAITTMCTHYECKOM CTANIH.

IocTranoBka 3apaun. B HacTosiee BpeMs CBapHBIE
COCIMHEHUS UMEIOT LIUPOKOE PACIPOCTPAHEHUE BO MHO-
T'UX 00JIACTAX AEATEIHHOCTH YeIoBeKa. [IpodHOCTh cBap-
HBIX COCIMHEHHMI NpPU CTATHYECKUX M yJApHBIX Harpys-
Kax JOBeJeHa 0 MPOYHOCTHU A€Talled U3 LEeJIO0ro MeTaa.
Ho, xak n y 1100010 coenuHeHHs, cBapKa MMEET Pl He-
JIOCTaTKOB, KOTOPBIE MOTYT BO3HUKATh B T€X WIIHM HMHBIX
ciry4asx. CyIecTByeT MHOTO CIOCOOOB BBISIBICHHS JE-
(EeKTOB CBAapHBIX COCJMHEHUH, HAlNpUMEp, PEHTIeHOB-
CKHH, YJIbTpPa3BYKOBOM M Jp. Y KaXJI0TO METOAa €CTh
CBOM IIpeUMyLIeCTBa U HeJocTaTKU. bosee TouHble METO-
JIbl 3a4acTyl0 OUYCHb CIIOXKHBI TEXHHYECKU U HE MOOMIIb-
HBI, a TaK)Ke BKJIIOYAIOT MaTepUalIbHO 3aTpaTHOE 00opy-
nosanue. [IpennoxeHHbI MEeTO] UMEET CBOM NpeuMyIiie-
CTBa, BBICOKYIO TOUHOCTb U UyBCTBHUTENBbHOCTb. Ho Taxxke
€CThb U HEJJOCTATOK, 3TO HU3Kasi IOMEX0YCTONYHUBOCTb.

IIpumenenune Oammuctudeckor ctaim AR 500/560
JUTS M3TOTOBJICHNUS TTAHIIEPHOW 3aIIUTHl aBTOMOOMIICH 5B-
JSeTCA ONTHMANbHBIM pemieHneM. biaromaps cBouM Me-
XaHUYECKUM U XMMUYECKHM CBOMCTBAM 6aJ'I.HI/ICTI/I‘-IeCKaﬂ
ctaigb AR umeeT oTIMYHOE coueTaHNe TaKMX KauyecTB Kak
Boicokass TBeprocte (HBW 480-580 mo bpuuemro), ot-
JIMYHAsl TIPOYHOCTH, TUIACTUYHOCTD U BSI3KOCTh. COOTBET-
CTBHE CTaH/IApTaM OCHOBHBIX MHUPOBBIX M YKPaHMHCKHX
knaccudukanmonnslx rpynn (JACTY 3975, ENI1522,
STANAG, VPAM.) rapanTHpylOT KauecTBO M HaJeX-
HOCTBH TAHIIEPHON «OpOHWM», NMPOM3BEACHHON W3 Oaiutu-
ctuueckor ctamu AR. Takke 3HAUUTEIbHBIM ILIHOCOM
oaiumctrueckoi crai AR 500/560 saBisgercss TOBOIBHO
MIPOCTON XUMHUYIECKHNA COCTaB, 00ECIIEYNBAIOIIIN JITKYIO
00paboTKy M pe3Ky MeTaula, Kak MEXaHHYECKIMH METO-
JlaMH, TaK ¥ C TOMOLIBIO TIa3MBbI 1 Jla3epa.

BpouupoBanHas craias Ar 500/560 sBisieTcs HU3-
KOJICTUPOBAHHBIM CIIJIABOM TOJIIUHONW OT 2 a0 40 MM,
YTO CIIOCOOCTBYET HAAEKHOHM OaIITMCTHYECKOH 3aIuTe
(tabn. 1, 2)

Tabmuma 1
MexaHuuyeckue CBOMCTBA
Hassanue Teepnocts (HB) Mexanuueckue coiicrea EN 16002-2004 VY napnas Bsskocte EN 10045-
(cpenmsist) Rm(Mrma) Rp0,2 AS(%) 1:1904 KV(-40°C) min (J)
AR 500 510 1500 1350 8.0 20
AR 560 570 1800 1600 6.5 15
Tabmuna 2
XHUMHYECKUN cocTaB cTaimu Ar
Haspanwue Xummdeckuii coctaB (aHau3 IWIaBKH), % (max 3Ha4YeHNe)
C Si Mn P S S+P Lpyrue
AR 500 0.32 0.60 1.60 0.020 0.010 0.025 CriB
AR 560 0.36 0.60 1.60 0.020 0.010 0.025 CriB

PesyabTaTtsl uccnenopanmii. KoHTpoas cBapHbIX
IIBOB 0aJUIMCTHYECKOI CTAJIN ¢ MPUMeHeHneM MeToAa
aKyCTH4eCKOil IMuccuu. MeTo/1 aKyCTUYECKOW SMUCCUU
(AD) oTHOCHTCS K aKyCTHYECKHM METOJaM Hepas3pyIia-
JOILEr0 KOHTPOJISI U TEXHUYECKOM IMarHOoCTUKU. B ocHOBe
MCTOda JICXKHT ¢)H3qu01<oe SIBJICHUC H3JIY4YCHUS BOJH
HalpsUKeHUH npu  OBICTpPOI JIOKAJBHOW IepecTpoike
CTPYKTYpbl ~Marepuana. VICTOUHHKOM aKyCTHYecKO-
SMHCCHOHHOW HEPTHH CIIY>KUT MEPEMEHHOE TI0JIe YIIpy-
I'MX HanpspkeHMH OT pasBuBaronmxcs zaedexrton. s
CTUMYJISLUKM JIe(DEeKTOB M3IIyYeHUs] aKyCTHYECKHX BOJIH
00BEKT, KaK IPaBHJIO, HArpPyXaroT MEXaHWYECKUM WIIN
TEIUIOBBIM CIIOCOOOM.

Hamr o0bexT mccnenoBanust 3T0 KOHTPOJIBHBIE IITa-
CTHHBI OAJUTMCTUYECKON CTalIM B HECKOJBKHMX TONIIMHAX
1 KOH(HUTYpanusx cBapHOTO miBa (puc. 1)

YcraHOBKa A1 KOHTPOJIST COCTOSIA U3 Takoro 00o-
pYyIOBaHUSA: TUApPABIMYECKUN Tpecc ¢ ycmiueMm B 10 T.,
HIMPOKOIIOJIOCHBIH aKyCTHYECKUI NMbe30JaTIMK, AUHAMO-
MeTp, aHaaoro-mudpoBoil mpeodbpasoraresb moaean E20-
10, ycunurens U aMIUTUTYAHBIM ETEKTOp, a Takke Mpo-
rpamMHoe obecnieuenne Power Graph 3.3 Professional.
OCHOBHBIM HOBBIM 3JIEMEHTOM paccMaTpHUBaeMOM CHCTe-
MBI SIBJISIETCS LTUPOKOTIONOCHBIHN aTunk AD.

Jlist mcciieoBaHus UCTIONIb30BAJIM HOBYIO CHCTEMY
TPaZyupoOBKH JATIYMKOB AD, BBINOIHIIN CTHIKOBKY CH-
CTEMBI TPaIyHPOBKH C MNEPCOHATIBHBIM KOMITBIOTEPOM,
paspaboTanu crenuaisHOe MIPOrpaMMHOE OOecIeueHue,

MIO3BOJISTIOIIEE B MTOJYaBTOMAaTHYECKOM PEKHME T10JTydaTh
aAMITIMTYJHO-YaCTOTHYIO XapaKTEPHCTHKY KaKIOro JaT-
yuka. VccnenoBany aMIUIUTYTHO-4aCTOTHBIE XapaKTepH-
CTHKM JATYNKOB PAa3JIMUHBIX KOHCTPYKIMH W BbIOpann
ONTHUMAJBGHBIN BapHaHT JaT4UKa aKyCTHYEeCKOW SMHCCHU
C JINHEHHOW aMIUIMTYAHO-4aCTOTHOM XapaKTEpUCTUKON —
200-1200 xT'm.

B kagectBe aemmndepa HCIOIB30BANN OPHTHHAIB-
HBIM MaTepuan (3aluileH MaTeHTOM YKpauHBI), COCTOS-
it u3 gacturm WC u TiNi, CKpeIuIeHHbIX 3MOKCUIHOM
cmouioit ¢ otBepauteneM. CoctaB aemmdepa momodpaH
TaK, 4TO €ro aKyCTHYeCKUH MMIIeJJaHC PaBeH UMIIEJaHCy
NbE30KEPaMHUKH, a JaeMIdupyronme CcBoiicTBa MaKCH-
MaJlbHbl  OJlarofapst MCIHOJIb30BAaHUI0 MapTEHCHUTHOI'O
npespamiennss TiNi ¢ HOIJIOmEHHEM SHEpPrud. 3a cyer
9TOr0 yAaIOCh YIYYIIMTh JeMIIpUpyoNe CBOKHCTBa
nemrgepa B 1,5-2 paza. B cOBOKYITHOCTH 3TO O3BOJIMIIO
3HAYUTEIBHO YMEHBUINTh PE30HAHCHBIC MNHKH, HCKIIO-
YHUTH MApa3UTHBIE OTPAKCHHBIE CUTHAJBI C THUIBHOM CTO-
POHBI IUIACTHUHBI U OT KOPITyca JaTYMKa, YMEHBIINTH He-
PaBHOMEPHOCTh AMIUIUTYIHO-9aCTOTHONH XapaKTepUCTH-
ku ¢ 23 1o 8,5 nb.

Uckaxenns ¢popmsl curHamoB AD CBS3aHBI C HEIH-
HeitHocThio AUX mbe3osnemeHnTa gatduka AD. YMeHb-
IIMTh HEIMHEHHOCTh AUX MOYKHO ITyTeM MEXaHHYECKOTO
JeMIT(pUPOBaHHS IbE303JIEMEHTa, 2 UMEHHO HCIOJIb30Ba-
HUSL JJIs1 9TOTO HAIOJIHUTENSI C XapaKTePUCTUYECKUM UM-
MeIaHCOM, OJIM3KUM K UMIIEIaHCY MbE303JIEMEHTA.
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Puc. 1 — Kordurypammu cBapHOTO COCTMHEHUS
0aJUTMCTHYECKOM CTaNu: a — MpsIMOif; 6 — pa3Has TOJIIIMHA
JIICTOB; B — YIJIOBOE COEAUHEHUE

BBeznenue kapOuna Bonbdpama Kak HANOJHUTENS B
cocTaB MaTepuaia aemidepa MO3BOIMIO MOTyYUTh MaTe-
pHans ¢ BBICOKMMH JeMI(pHUPYIOIIUMH CBoiicTBamu. Ya-
CTHYKH KapOuna Bosibdpama pazmepom 1-10 Mkm, xao-
TUYHO pa3MeIleHHbIe B KOMIIO3MLIMOHHOM MaTepuaie,
XOPOIIO MOTJIOMIATH aKyCTUYeCKHe BOJIHBI B paboueit
MOJI0CE YacToT, 33 CUET 4ero BeIpoBHsIach AUX martuu-
ka AD. KoHCTpyKIUs MIHUPOKOMOJOCHOTO JaTyuka AD
M03BOJIMJIA YMEHBIINTh HenuHeliHocTe AUX Ha 20 % B
JIuarazoHe pabdodyMx YacToT INPHUEMOYCHIINTEIHEHOTO

tpakra (0,1-2,0 MI'1) o CpaBHEHHIO C TPaIAUIIUOHHBI-
MU gaTdukamu [1].

B Hamiem cityyae npu KOHTPOJIE CBAPHBIX COEIHHE-
HHMH, 3JIEMEHT Harpy>kaercsi 0 ero BHIOPaHOTo Juaraso-
Ha, koTopelii Haxomutca B 0,7-0,8 mpemena TexyudecTu
Marepuaia, 1 OBICTPO pa3rpysKaeTcsi, IPH STOM CUUTHIBA-
€TCsl CUTHAJI aKyCTHYECKOW IMUCCHUH.

OreHka KayecTBa CBapHOTO IIBa IPOU3BOJUTCS IO
TaKUM XapaKTepUCTHUKaM HOJydYeHHOTO aKyCTOCHUTHAIA:

1. ammMTy M@ aKycTocurHa a h— Kak ero MOITHOCTE;

2. YTO0II HaKJIOHA JIMHUY 3aTyXaHHS CUTHAIA — O]

3. BpeMs reHepupOBaHKs CUTHAJIA TIPK pasrpyske — i,

ARYCTOCHTHAN MpK

G . HarpyHeH1M
ab BY: AKYCTOCKIHAN NpK

pasrpyaue, Hak

\,

reHepaums
AKYCTO3MMCCHK OT
MEMHPHCTANMYECKOTO
TPEHMA

Puc. 2 — [lmarpammMa akyCTOCHTHaIa IPH UCCIICTOBAHUHI
obpasma

BeiBonbl. B ocHOBe paspabarbiBaeMOro Meroza
JISKUT TIIATENbHOE HM3Y4YEeHHE XapaKTEPUCTHUK CBAapHBIX
COeaMHeHU 1S BbIsiBIIeHUs JedekToB. Vcnonb3oBanue
JaHHOTO METOJa HAaXOXICHHUsS CBapHBIX Ie(EKTOB IaeT
BBICOKYIO TOYHOCTH M 3(P(EKTHBHOCTP U TO3BOJISCT
OLIYyTUMO COKPaTHTh 3aTPaThl W IPOHM3BOJCTBCHHOE
BpeMs.  IlepcrieKTUBHBIM  HamlpaBJICHHEM  SIBIACTCS
pa3paboTka METOHOB (WIBTPAUN aKyCTOCHUTHAIA IS
YBECJINYCHHUSA TOYHOCTH METOJa KOHTPOJIA.
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