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Annomayus. TIpoBeneHo KOMIBIOTEPHOE MOJEIUPOBAHUE PAa3Aadl BHYTPEHHHUM JABICHUEM Pa3HOCTEHHBIX TPYO M3 CTaslM, AIIOMHHMEBOIO U THTaHO-
BOro cruiaBoB. JIyisi MOJENIMPOBAHMS MCIIONB30BAJICS TMakeT mpukiIanHbix mporpamm ESI Virtual-Performance 2016.0, peanusyroniuii meton ko-
HEYHBIX M1eMeHTOB. OIlEHEHa CXOAMMOCTh M TOUHOCTb MOMY4YEHHOTO PELICHHs ITyTeM CPaBHEHHs C U3BECTHBIMU perieHusiMu. [IpoBesieH monHblIi
(aKTOPHBIH BHIYKCIUTEIBHBIA SKCIEPHMEHT C BAPbUPOBAaHUEM (HAKTOPOB: UCXONHOU Pa3HOCTCHHOCTH, TOHKOCTCHHOCTH U YIPOYHIEMOCTH TPYO.
[Monmyuensl ypaBHEHUsSI PErpeccn BHYTPEHHETO NABICHHS B MOMEHT Pa3pyIICHHs M KOHEYHOH Pa3HOCTEHHOCTH OT IEPEevYMCIIEHHBbIX (akTopos.
VcTaHOBIIEHO, UTO MPU Pa3jaue pa3HOCTEHHBIX TPYO pa3pblB IPOUCXOAUT B 00IaCTH TOHKOH CTEHKHM. MHHHMMalbHas! CTEHKA IPOJOIIKAET YTOHATHCS
IIPY MOYTH HEU3MEHHON MaKCHMAaJIbHOW TONIIMHE CTCHKH, YTO MPUBOIUT K POCTY MOMEPeyHoH pasHocTeHHOCTH. CenaH BBIBOJ O TOM, YTO yBEIH-
YEHUE HCXOIHON Pa3HOCTEHHOCTH TPYO YCKOPSET POLECC pa3pyLIeHust B 00J1aCTH TOHKOH CTeHKH. PekoMeH10BaHO B TPyOOIIPOBOAX, IPOBOMSIIUX
XKUJIKOCTH BBICOKOTO IaBJICHUS], IPUMEHSTH TPYObl C MUHUMAIILHOIM HCXOJHOHM Pa3HOCTEHHOCTBIO.

Knroueswte cnosa: paznaua TpyO BHyTPEHHHUM JaBICHHEM, Pa3HOCTEHHOCTb, METOJI KOHEUHBIX SJIEMEHTOB, PasphiB TPYO MpHU pasaade, HANPSDKEHUS pas-
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Wzydenue ycnoBwii 3KCIDTyaTalldd TPyOONPOBOIOB,
paboTaromux MoA BHYTPEHHUM JaBieHueM [1], sBngercs
aKTyaJbHBIM. B HacTosmel paboTe npencTaBieHbl pe3yiib-
TaThl KOMIIBIOTEPHOT'O MOJIEIMPOBAHUS Mpoliecca pa3aadu
Pa3HOCTEHHBIX TPYO BHYTPEHHUM JaBICHHEM C TIOMOIIbIO
makera TpUKIAAHBIX rnporpamMm ESI Virtual-Performance
2016.0, peanu3zyromiero MeTo; KOHEYHbBIX AIEMEHTOB.

MogzenupoBaHue MPOBENIH B COOTBETCTBUH C IUIAHOM
MOJTHOTO (PAKTOPHOTO BBIYUCIHUTENHHOTO IKCIIEPUMEHTa 23
(cM. Tabauiy). YOpoyHSEeMOCTh PAaCCMOTPEHHBIX CILIABOB

(amromuaMeBOro AMr2, ctanu 40XT'H, tutanoBoro 0T4-1)
OLICHWIH 0 BEIMYMHE MCTUHHOIO HampsDKEHUsS NpU CTe-
neHu nedopmanuu € = 0,5, KOTOpoe IJIsl pacCCMOTPEHHBIX
CIUIaBOB U3MeHseTcs B cooTHomenuu 1:2:1,6 [2]. B kauecT-
Be (pyHKIHMIT OTKIIMKA BEIOpAI KOHEUHYIO OTHOCHTEIIFHYIO
pa3HOCTeHHOCTh [3] U BHYTpEHHEE JaBlieHHE B MOMEHT
paspyLICHUS.

B pesynbrare 06paboTK JaHHBIX TaOMUIBI TOTYUHIN
CIenyIOUIe ypaBHEHUs perpeccuu [4] ¢ y4eToMm OIeHKH
3HAYUMOCTH KO3 PHUITUCHTOB!

Ilnan n pe3yjabTarbl BBIMUCJIUTEIbHOI'0 IKCIEPUMEHTA

Plan and results of the computing experiment

Homep Hcxonnas YnpoynseMocTb D/S Koneunas Buytpennee
OIBITA | Pa3HOCTEHHOCTH (X, ), %o | MaTepuana (X)) (X;) | pasHOCTEHHOCTD, % | naBienue, Mlla
1 15 2 22 17,05 17,8
2 15 2 11 16,95 34,07
3 15 1 22 16,49 11,62
4 15 1 11 16,97 22,42
5 5 2 22 6,16 19,60
6 5 2 11 6,07 37,24
7 5 1 22 7,30 13,13
8 5 1 11 7,02 25,06
IMpumeuanue. D— guamerp TpyObl; S — TONIUHA CTEHKU TPYOBL
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KPATKHUE COOBIIEHUSA

Y, =22,62 - 1,14x, +4,56x, — 7,08x; —
—0,10x,x, — 1,40x,x, + 0,3 1x,x;; )]

Y, =11,75 + 5,12x, - 0,19x, + 0,33x,x, —

—0,093x,x; +0,095x, x,x,, 2)
rae Y, — BHyTpEHHEe [aBJIE€HHME B MOMEHT paspylie-
nus, MIla; Y, — KoHeuHas pasHOCTEHHOCTh, %0, X, X,,
X, — KOIMPOBAHHbIE 3HAYEHHUS, COOTBETCTBEHHO, HCXOTHON
Pa3HOCTEHHOCTH, YNPOYHSIEMOCTH Marepuaia U OTHOCH-

2(x, - x7)

Ximax _Ximm
VYpaBuenue (1) mokasbIBaet, 4T0 BHyTPEHHEE IaBJICHUE,
TpeOyeMoe Jisl pa3pylIeHUs] TPyObl, PacTeT ¢ YBEINICHHU-
€M YMPOYHIEMOCTH MaTepuaia U MajaeT ¢ POCTOM HCXO[-
HOM pPa3HOCTEHHOCTH W OTHOCHUTEJIBHON TOHKOCTCHHOCTH
D/S. Btopoe ypaBHEHHE IEMOHCTPHPYET, YTO B Mpolecce
Harpy»KeHusl OTHOCUTEJNIbHAsl Pa3HOCTEHHOCTh BCEra yBe-
JUYMBAETCS 3a CUET YTOHEHHs Oojiee TOHKOM CTEHKH, HO
MeHee HHTEHCHUBHO JIIsI 00JIee YIPOUHSIOMIEIOCsS MaTepra-
na. Hammpumep, monmy4yuiu, 4to pa3pyuieHue TpyO ¢ UCXO.-
HOM Pa3sHOCTEHHOCTHIO 15 % U3 pacCMOTPEHHBIX CILIABOB
AMr2, 40XI'H u 0T4-1 nporcxoauT py BHYTPCHHUX J1aB-

TENbHOM TOHKOCTeHHOCTU D/S; X; =

nenusix 22,4, 34,2 u 24,0 MIla coorBercTBeHHO. B mpouec-
ce pas3zauu pasHOCTEHHOCTh yBenuuuiach ¢ 15 mo 17 %,
POCT Hapy>XHOTO AUaMeTpa He npeBbicuit 5 %. Pa3psIB Tpy-
OBI TIPOMCXOUT BCET/ia B 00JIaCTH TOHKOW CTEHKH [S].

Bb1600b1. YBennueHne UCXOAHON Pa3sHOCTEHHOCTH TPYO
YCKOpSIET MPOoIIecC WX pa3pylIeHUs B 00IACTH TOHKOH CTEH-
K{, TIOATOMY B TPyOOIpOBOJax, MPOBOISIINX KUIKOCTU
BBICOKOTO JIaBICHHS, PEKOMEHIYETCS IPHUMEHSTH TPyOBI
C MUHUMAaJIbHON UCXOJHOW Pa3HOCTEHHOCTHIO.
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ANALYSIS OF THE WALL THICKNESS VARIATION OF PIPES UNDER INTERNAL PRESSURE
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Abstract. A computer simulation of the internal pressure expanding was
performed for pipes with uneven wall thickness made of steel, alumi-
num and titanium alloys. For this simulation software tool ESI Virtu-
al-Performance 2016.0 was used that implements the finite element
method. The convergence and accuracy of the solution was estimated
by comparison with known solutions. A full factorial computational
experiment was performed by varying factors: the initial wall thick-
ness variation of pipes, D/S and parameter of alloys hardening. The
regression equations were obtained by the internal pressure at the time
of destruction and final wall thickness variation from these factors. It
was found that the variation in wall thickness in the distribution pipe
rupture occurs in the thin wall. A wall with minimum thickness contin-
ues thinning with an almost constant maximum wall thickness, which
leads to an increase in the transverse variation in wall thickness. It was
concluded that the increase of the initial variation in wall thickness
pipe speeds up the process of rupture in the area of thin wall. It is re-
commended in conduits conducting high-pressure fluid to apply pipes
with minimal variation in wall thickness.

Keywords: pipe expanding with internal pressure, wall thickness variation,

finite element method, expanding pipe fracture, fracture stresses.
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