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NCCIEJOBAHUE HHTEHCUBHOCTU CBAPOYHBIX OCTATOYHbBIX

HANPSOKEHAM 3JIEMEHTOB KOPITYCA CYJHA

E.JI. Beoeprukosa, cmapuiuii. npenooasamens

CaapHble KOHCTPYKIMHU 3IIEMEHTOB KOPITyca Cy/IHA B TEUESHHE BCEr0 CPOKa IKCINIYATaI I I10{BEPIKEHBI BBICO-
KUM [AKTHYECKUM, THHAMAYECKUM U YJapHBIM HArpy3KaM, B CBSI3H C Y€M BOLPOCHI Ha/ICKHOCTH CBAPHBIX
KOHCTPYKI[MI IPHOGPETAIOT OIPOMHOE 3HaueHHe. CBapKa, KaK TeXHOTIOTHUECKHIT IIPOTece, UMeeT HeOCIIOpH-
MBI PSLJT IIPEUMYITIECTB, HO, B TOJKE BpeMst 00IajiaeT U PSLIOM HEJIOCTATKOB, HacTO CHIDKAIONHX ee 3deKrTuB-
HOCTh, OfHUM U3 OCHOBHBIX HEJIOCTATKOB SIBISIETCS. BOZHUKHOBEHHE OCTATOYHBIX HAIPSUKEHHM BCIEICTBHE
HEO/THOPOIHOTO HAIPeBa CBapUBAEMBIX JJIEMEHTOB KOHCTPYKIIUIA, YcalouHble U (a3oBble H3MEHeHMsL. B ci1o-
JKHBITIEHCS. CUTYAIME OCTPO BCTAET BOIIPOC HOUCKA METOJOB OIPEJENCHHST HHTCHCUBHOCTH HAIIPSKEHHH 1
TEXHOJIOTHUECKHX [IPUEMOB, HAIIPABIEHHBIX Ha CHUKEHHE YPOBHSL U IIepepactIpe/IelIeHHe 0CTaTOUHBIX HAIIPsI-
JKEHHIT B CBapHBIX KOHCTPYKIMS KOPITyca CY/IHa.

KiroueBble ¢j10Ba: CBapKa, OCTATOUHbIE HALIPSDKEHMSI, HAIEKHOCTE, KOPITYC CY/IHA

INVESTIGATION OF THE INTENSITY OF WELDING RESIDUAL STRESSES

OF SHIP HULL ELEMENTS
E.L. Vedernikova
Welded structures of ship hull elements are subject to high cyclic, dynamic and shock loads during the entire
service life, in connection with which the issues of reliability of welded structures are of great importance.
Welding, as a technological process, has an undeniable number of advantages, but at the same time has a num-
ber of disadvantages that often reduce its effectiveness. One of the main disadvantages is the occurrence of
residual stresses due to inhomogeneous heating of the welded structural elements, shrinkage and phase changes.
In the current situation, there is an urgent question of finding methods for determining the intensity of stresses
and technological techniques aimed at reducing the level and redistribution of residual stresses in the welded

hull structure of the vessel.
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IlepBbIit MeTOA ONMpEACICHHUS OCTATOYHBIX
CBAPHBIX HANPSDKCHAH M3BCCTCH KAK MCTOZ (DPHKTHB-
HBIX CHI. JIaHHBIH CIOCOO OCHOBBIBACTCS HAOIHO-
MEPHOCTH TOJI HANPSDKCHHUH W THIOTE3C IUIOCKHUX
CCUCHMH, COTJIACHO KOTOPOMY, BIPOILIECCE OCTHIBA-
HUSI METAJUIA B 30HE CBAPHOTO IIBA BOZHHUKAIOT yCa-
JIOYHBIC PACTATHBAOINUC HATIPSHKCHUS B BUIC AKTHB-
HOH HATPy3KH, MPHIOKCHHOH K CBAPHBACMOMY)JIC-
MEHTY KOHCTPYKIHMH. MCTIOMb3ysI THITOTE3YIIOCKAX
CCUCHMH W YUUTHIBAA, UTO B JAHHOM ITOTICPETHOM Ce-
YCHHH HIICMEHTA BHYTPCHHHE CHIIBI HAXOIATCS B PaB-
HOBECHH, MOKHO HAWTH OCHOBHBIC MApaMETPbI JJII
OTIPEICICHAS 3aKOHA PACHPEICICHHS 3THX yCaa0d4-
HBIX HampspkeHmH. Takum 00pa3oM, (HKTHUBHbIC
VOPYTHE HANPSDKCHHSA — TO HANPSKCHUS, KOTOPBIC
C037aBATHCh OBl B TCIIC IPH MPSIMOI0KCHHA 00 Hac-
anpHOH ympyrocTu MaTepuana. CienoBareiabHoO, s
pacyeTa 0OCTaTOYHBIX HATIPSHKCHUH HEOOXOIMMO aHa-
JUTHYCCKH OIHMCATh HATPSHKCHHOCTh IOBEPXHOCT-
HOTO CJI0S1 CBAPHOTO IIBA.

Onmcanue OCTaTOYHOTO HATIPSHKCHHOTO CO-
CTOSIHHS HanOOoJIEe TOYHO aIIPOKCHMHUPYIOTCS ypaB-
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MarepHana

BTopoii McTOX OCHOBAH HA PCIICHHH 00paT-
HOH TeMIepaTypHOH 3agaunm  aeopMHPYEMOH
cpeapl. Bmpomecce mccrenoBaHWS BO3ZHHUKAIOIINX
CBAPOIHBIX OCTATOTHBIX Hanp;mcennﬁ, YCTaHaBJIMBA-
€TCs 3aKOHPACIIPEACTICHHUS TEMIIEPATYPhl CBapHBac-
MOM JeTanu Uil JF000TO MOMCHTA BPEMCHH B 3aBH-
CAMOCTH OTMOIDHOCTH HMCTOYTHHKA H CKOPOCTH €TI0
nepememmeHus. Jlanee, Ha OCHOBAHUH IOCTPOCHHOM
TEMIECPATYPHOMKPHUBOM M THIOTE3BI MIOCKHX CEUe-
HI/II\/'I, HaAXOOIT KAK BPCMCHHBIC, TAK H OCTATOYHBIC
HANpsDKeHMsT U Ac(hOpMAnUHAI JAHHOTO ITOIEPEd-
HOT'O CCUCHMS CBAPUBACMON AeTanu. B CBI3u C HHTEH-
CHBHBIM  PA3BHTHEM BBIUHCIMTCIIPHOM TCXHHKH
CTAJIO0 BO3MOXKHBIM BBIITOJIHCHHC J'II06I>IXpaC‘{eTOB, B
TOM YHCIIC W ONPEACTICHUE OCTATOYHBIX CBAPOYHBIX
HATIPSOKCHUH.



Pasaen 3 CyfoBble 3Hepre TUYECKMe yCTaHOBKY, CUCTEMbI UYCTPOiicTBa

B HacToslLLee Bpems Ha nepefHUANAAH BbIX0-
[AT 60nee yHMBepCanbHble METOAMKN, XapaKTepusy-
louMecs npocToTol 3afaHMs MCXOAHOMUHGOPMa-
UMM. B ocHOBE TaKUX METOAUK NIeXUT, B YaCTHOCTHU,
MEeTOJ KOHEUYHbIX 3/1EMEHTOB, MO3BOMANLMXPELLNTD
naHHyto 3agady (ANSYS, ABAQUS, SYSWELD).
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YuncneHHbIM MOAENNPOBaHNEM, NPEACTaB/IEH-
HbIM Ha PrcyHke 1, ¢ NOMOLWbIO KOHEYHO-3/1IEMEHT-
HOro nporpaMMHoro komnnekca ANSYS 6bin0o uc-
CNefloBaHO HaNPsHXXEHHO -Ae)OpMUPOBAHHOECOCTONA-
HVe CBApHOro LWBa M3 CTaJn C y4YeTOM BO3HUKHOBE-
HWA B CBapHOM COEAWHEHUN WU 30HETEPMUYECKOro
B/IMSIHMA 3aKaN0YHON CTPYKTYPbI.
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PUCYHOK 1- ViccriefoBaHMe OCTaTOUHbIX HAMPsKeHii B CBAPHOM LUBE

B pesynbTate nccnefoBaHus Obinuv NONyYeHbl
cnegytoLLme pesynbTarhbl:

- HaubosbLIas KOHLEHTPaLWs HaNpsHKeHN 1
fnedopMmaumii BO3HMKaeT B 30He CBapHOro LWBa U
B30HE CMAaBfeHWs, NPW 3TOM 3KBUBASIEHTHbIE OCTa-
TOYHble HanpsxeHua (no Musecy) gocturatoTnpe-
[lena TeKyyecTu.

- YPOBEHb OCTATOUHbIX OKPYXXHbIX Hanpsxe-
HWI Npy cBapke 6e3 NoAorpesa NpeBbILLAET Npeaen-
TEKy4YecTu MeTasna wea Ha 24%.

- B CNyyae CBapKu ¢ npeasapuTenbHbIM NOL0-
rPeBOM BefMYMHA MAKCUMaSbHbIX 3KBUBANEHTHbIX
NOKPYXXHbIX HANPSHXKEHWI CHMXKAETCA N0 CPaBHEHUIO
CO CBapKoil 6e3 nogorpesa Ha 13% u 18%cC00TBET-
CTBEHHO, 3a CYeT 60/bLUNX NAaCTUYECKUX Aedopma-
LW B CBAPHOM LUBE.

Mo pe3ynbTaTam NpoBeAeHHOro 0630pa 1 aHa-
NN3a MOXHO CAenaTtb crefytoLye BbIBOA, YTO BO3HU-
KatoLL e Npu cBapke HanpshkeHWs v gedopmanum fo-
CTaTOYHO XOPOLIO M3y4eHbl. CyLleCcTBYeT MHOXe-
CTBO HAY4HbIX TPYAOB, B KOTOPbIX BbISAB/IEHbI MPU-
UMHBI  BO3HUKHOBEHMSIOCTATOUYHbIX  HAMPSHKeHWi
[2-6]. Ho Hanbonee NporpeccMBHbLIM METOA0M OMNpe-
[leNeHNst OCTaTOUHbIX CBapHbIX HanpsHKeHWid ABns-
€TCS KOMMbIOTEPHOE MOAenmpoBaHme [4], no3sonsto-
Lee 3KOHOMUTb BPEMS, U MaTepuanbHble 3aTpathbl, a
TaKXXe No3BoNseT 60/ee AeTaslbHOYUNTbIBATL W aHa-
NN3NpoBaTh nepepacnpeseseHns HanpsHKeHUA npu
CcBapke.
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AHAJIN3 COBPEMEHHBIX HOPMATHBHBIX TOKYMEHTOB UISA KOHTPOJISA
BUBPAIINU CYAOBBIX BBICOKOOBOPOTHBIX JIBUT'ATEJIEU

B.B. I'epacuou, kanouoam mexHudeckux Hayk, ooyenm

A.B. Jlucauenxo, npenooagamens
B cTaThe paccMaTpHMBAIOTCA CYIOBBIE BHICOKOOGOPOTHBIE ABUTATETN TIPOITY/IHCUBHBIX KOMIUIEKCOB MOPCKHX
cyioB. B Hacrosmiee Bpemsa KimaccuduKarioHHbIe 06IIECTBA U ITPOU3BOJUTENH CYIOBBIX JBUTATENEH YAETMIOT
GOJBINOE BHUMAHKE HOpMaM BHOPAIMH, Kak caMMX JBHTaTellel, Tak M WX IIPUBOJHOr0 oGopyaoBanus. KoH-
TPOITh TEXHUYECKOTO COCTOSIHUS JIBUTaTesel 1o TlapaMeTpaM BUOPAIK B SKCILTYaTalluM TI03BOIISET BHIIBUTD
Kak Ha paHHel CTajiu, Tak U yike CHOPMUPOBABIIMXCS HEUCIIPABHOCTEN HIIEMEHTOB TaK U CaMOTO JBUTaTeNs
B 1ienoM. Harmpumep, BLIIBIEHHE U Pa3BUTHE (PACIIPOCTPAHEHHE ) HEKAUECTBEHHOTO TIPOIEcca CrOPAHMS TOTI-
7MBa, GATTAHCUPOBKY JIBMTATEN S M IPUKPEIUIEHHOTO (IPUBOIHOTO) 0GOPYIOBAHMS, HEUCIIPABHOCTH T10 IITIAII-
HHUKOB CKOJBKEHUS KOJEHYATOTO Baja, TMOTEPS KECTKOCTH KOHCTPYKIIHH, TIEIOCTHOCTD OTIOP JABMTATENs U
JeMIiidepa KpyTHIHHBIX KOMeGaHUi U T./. B CBSI3M ¢ HTHM, HOPMUPOBAHHUE 3HAYEHII PasMUHbIX TTapaMETPOB
BHOpAIUM COBPEMEHHBIX CYIOBBIX BBHICOKOOGOPOTHBIX IBUTATENel B OKCIDTyaTallMH SBJIIETCS aKTyaIbHOM 3a-
TaveH.
B paGoTe BBITOMHEH aHATM3 KPUTEPHH OI[EHKH ITapaMeTPOB U 3HaUeHMI BUOPAITHA B COOTBETCTBHIHI ¢ HOpMa-
TMBHBIMH JOKYMEHTaMM MEKIYHAPOIHBIX CTaHIapToB, KiiaccHpUKaImOHHBIX OOIIECTB U TIPOU3BOIUTENEH
CY/IOBBIX BBICOKOOGOPOTHBIX [BUTATENEH.
KitroueBble c/10Ba: HIEKTPUYECKHE MAIIHHBI, KOHTPOJIb, TAPaMETPHI BUOPALIHH, JHATHOCTHKA, [0 IIIHAITHIKO-
BBIE Y3IIBI, IIPOM3BOIUTENH, CTAHAAPTHI, KilaccupukarioHHke 0OIecTBa.

ANALYSIS OF MODERN REGULATORY DOCUMENTS FOR VIBRATION

CONTROL OF MARINE HIGH-SPEED ENGINES

V.V. Gerasidi, A.V. Lisachenko

The article deals with marine high-speed propulsion engines of propulsion systems of marine vessels. Currently,
Classification societies and manufacturers of marine engines pay great attention to the vibration standards of
both the engines themselves and their drive equipment. Monitoring of the technical condition of the engines by
vibration parameters in operation allows you to identify both at an early stage and already formed malfunctions
of the elements and the engine itself as a whole. For example, the identification and development (spread) of a
poor-quality fuel combustion process, balancing of the engine and attached (drive) equipment, malfunctions of
the crankshaft sliding bearings, loss of structural rigidity, the integrity of the engine supports and the torsional
vibration damper, etc. In this regard, the normalization of the values of various vibration parameters of modern
marine high-speed engines in operation is an urgent task.

The paper analyzes the criteria for evaluating vibration parameters and values in accordance with the normative
documents of international standards, Classification societies and manufacturers of marine high-speed engines.
Key words: electrical machines, control, vibration parameters, diagnostics, bearing assemblies, manufacturers,
standards, Classification societies.

B mHacrosmee BpeMa, HAa MOPCKHX Cyaax
YCTAHABIUBAOTCH 4-X TAKTHBIC CPCIHCOOOPOTHBIC
(COJD) u BeIcOKOOOOpOTHRIC asuraremn (BOJ) B
KA4eCTBC TJIABHBIX H BCIMIOMOTATCIIFHBIX YCTAHOBOK
MomHOCTHIO 0T 100 kBTt 10 6000 xBT. YactoTa Bpa-
meHug koaeHdaroro Bama BOJl coctaBmsaeT n.>
1300 mub!. DUpPMBI MPOM3BOIMTEIN TAKUE KAK,
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MANInc., MTUlInc., PerkinsInc., Detroitinc, CUM-
MINSInc., CATERPILLARInNC. u T.4. OCHAIMAIOTCS
COBPEMECHHBIMH JIOKAJTbHBIMH JHATHOCTHUCCKHMH
CHCTEMAMH MOHHTOpHHra. Hampumep, KpymHBIH
npown3BoauTens cynosbeix BOJ ¢pupma "Caterpillar”
HCIOIB3YET NEPESHOCHBIC KOMIUIEKCHI ISl YIIPaBIIC-
HUSI W KOHTPOIS TEXHHUYCCKOTO COCTOSIHHS 3THX



