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Pestome

Uenb uccnedoeaHus. B cmambe paccmampusaemcs npuMeHeHuUe pasnu4yHbix Memodos pacyéma HarnpsKEHHO-
dehopmuposaHHO20 COCMOSIHUSI C8apPHO20 Kopriyca audpoamopmu3amopa. Llenbto uccnedosaHusi ssiensiemcs ycma-
HOo8JIeHUe onmumarsibHbIX Memo0oe8 pacyéma HarnpsKEHHO-0eOoPMUPOBaHHO20 COCMOSIHUSI C8aPHbIX KOHCMPYKUUU,
pabomarouwjux nod OasrneHuemM, obecriequsarowux 803MOXHOCMb payUOHanbHO20 MPoeKmuposaHusi usdenul npu
MUHUMarnbHoM pacxode Mamepuara ¢ 3ad0aHHbIM KO3ghghuyueHmMom 3arnaca rnpo4YHoOCmu.

Memodsi. B Hacmosiuee gpemsi Hem 0ocmosepHbIX Memodos pacyéma, ompaxatowux deticmsumenbsHyto pabomy
c8apHbIX KOHCMPYKYUU nod usbbimoy4HbiM 0asrieHueM.

Pacuém Ha npo4YHOCMb C8apHbIX KOHCMPYKUUlU MemoOOM COMpomuesieHuUsi Mamepuanos, 0CObeHHO Onsi KOHCM-
pykyut, pabomarowux nod uzbbimoyHbiM OasneHueM, rnpedycmampugaem psd OonyweHul:1 aunome3sa MiIocKux
ceyveHul; 2 eunome3a O0HOOCHbLIX COBCMBEHHbIX HamnpsykeHul; 3 aurome3a JUHEeUHbIX UCMOYHUKO8 Hazpesa U
rnpedernibHO20 Mernsi08020 COCMOSIHUS, 4 OegpaHUYeHUs1 8 OMHOWEHUU ceolcme Memarnos; 5 ycriogHasi 3asucu-
mocmb ripedenia meKyyecmu om memrepamypsil.

[ns aHanusa HanpsbkeHUl u deghopmauyuli 8 ceapHbIX Weax 8 rocriedOHee 8peMsi Cmasio 803MOXHBIM UCMO/Ib308amMb
cpedcmea eblHuciUmensHoU mexHUKU, Hanpumep npoepammy Solid Works (mpunoxerue Solid Works Simulation),
npoepammy UGS NX (npurnoxeHue NX Nastran), npoepammy KOMIIAC-3D (npurnoxeHue APM FEM).

Pe3ynbmamsl. Pacuém memodom conpomuerneHusi Mamepuasios rno FOCTy 14249-89 omnuyaemcs om pe3ynbma-
moe pacyéma memodaMu KOHEYHbIX anemeHmos. [lpu yeenuveHuu OasneHuss 8Hympu Kopryca eudpoamopmu-
3amopa Habnwlaemcsi ygseniudeHUe pasHOCMU HarpspkeHull 8 pacdémax memodaMu KOHEYHbIX 371eMeHmMos U
memodom conpomusneHusi Mamepuanos. [1pu eHympeHHem OasneHuu 6onee 11 Mlla pa3Huya docmuzaem noymu
50%. Omom ¢hakm Heob6xoduMo y4yumbieams rpuU APOeKmMuUposaHuu NoOOBHbIX KOHCMPYKUUU.

3aknroyeHue. CosmMecmHoOe UCMONb308aHUE PasfuyHbIXx Memodoe pacyéma HanpsKEHHO - O0ehOpPMUPOBaHHO20
COCMOSIHUST C8apHO20 KOopIlyca MOo380/Iiem payuoHabHO CripoeKkmuposams u3denue rnpu MuHUManabHOM pacxooe
Mamepuana ¢ 3adaHHbIM Ko3ghguyueHmom 3anaca npoyHocmu [1].

Knroyeeble crioea: MemoO KOHEYHbIX 3/IEMEHMOS; OonyCKaeMb/e Harips>eHus,; ceapHble KOHCMpyKuuu.

KoHgbnukm unmepecoes: Aemopsl deknapupyrom omcymcmeue si8HbIX U MomeHyuasbHbIX KOHGIUKMOo8 uHmepe-
co8, cesi3aHHbIX ¢ nMybrukayuel Hacmosiuel cmamabu.
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Abstract

Purpose of research. The article describes application of various calculation methods of intense deformed condition
of welded shell of hydraulic shock-absorbe.

The purpose of the study is to find optimum calculation methods of the intense deformed state of welded structures
working under pressure, providing a possibility of structure rational design at minimum material expenses with the
given durability safety factor.

Methods. There are no reliable calculation methods reflecting operations of welded structures under excessive pressure.
Calculation on durability of welded structures by resistance method has a humber of assumptions especially for the
constructions operating under excessive pressure. The assumptions are 1. hypothesis of flat sections; 2. hypothesis
of monoaxial tension; 3. hypothesis of linear heating sources and limit thermal state; 4. restrictions on metal
properties; 5. conditional dependence of fluidity limit on temperature.

It is possible to use SolidWorks (SolidWorksSimulation application) for stress and deformation analysis in weld joints,
the UGSNX program (NXNastran application), the KOMPAS-3D program (APMFEM application).

Results. Calculations by material resistance method in accordance with State Standard 14249-89 differ from
calculation results in finite element methods. There is tension increase difference in calculations by finite element
methods and by resistance materials method at pressure increase in the shell of hydraulic shock-absorber.

The difference is nearly 50% with an internal pressure more than 11 MPas. This fact has to be considered at design
of similar structures.

Conclusion. The use of various calculation methods of intense - deformation state of welded shell allows to design a
product at minimum material expenses with the set durability safety factor [1].

Keywords: finite element methods; allowed tension; welded structures.

Conflict of interest. The Author declare the absence of obvious and potential conflicts of interest related to the
publication of this article.

For citation: Kotelnikov A. A., Rodionov Ya. E. Application of a Finite Element Method in Welded Shell Calculation
of Hydraulic Shock-Absorber. lzvestiya Yugo-Zapadnogo gosudarstvennogo universiteta = Proceedings of the
Southwest State University. 2019, 23(3): 44-53 (In Russ.). https://doi.org/ 10.21869/2223-1560-2019-23-3-44-53.
Received 20.03.2019

Accepted 29.04.2019

M3eecTtus KOro-3anagHoro rocygapcteeHHoro yHuBepeuteta / Proceedings of the Southwest State University. 2019; 23(3): 44-53



46 MawwuHocTpoeHue 1 mawmHoBeaeHne / Mechanical engineering and engineering science

BBepneHue

OcHoBHOE TpeOOBaHHE K CBAPHOUN KOH-
CTPYKIIMHM 3aKIF0YaeTCsi B TOM, 4TO 3Hade-
HUS HaNpsOKEHUH OT peaibHOTO Harpyske-
HUS TOJDKHBI ObITh MEHBIIIE JOIYCKaeMBbIX
HaIpsHKEHUN.

Pacuér Ha TpPOYHOCTH CBAapHBIX KOH-
CTPYKIIMI METOJIOM COIPOTHBIICHUSI MaTe-
pHuaigoB, 0COOCHHO ISl KOHCTPYKIIHH, pa-
OOTarIIUX MO U30BITOYHBIM JIABJICHUEM,
npeaycMaTpuBaeT psja JomymeHwit: 1 —
TUIOTe3a MJIOCKUX CEYCHMId; 2 — TUIoTe3a
OJTHOOCHBIX COOCTBEHHBIX HANPSIKEHHIA; 3
— TUNOTE3a JTMHEWHBIX UCTOYHUKOB Harpe-
Ba M NPEICIHLHOrO TEIJIOBOIO COCTOSHUS,
4 — OorpaHWYCHHS B OTHOIICHWH CBOWCTB
METAJUIOB; 5 — YCIIOBHAas 3aBUCUMOCTH

npejelia TeKy4ecTd OT TEMIIEPATyPHhI.
MaTepuanbl U MeTOoAbI peleHnsa 3aaaum

1. PacyeT Ha NpoOYHOCTb METOAO0OM
COMpPOTUBIEHNS MaTepmnanos CBapHOro
Kopnyca rugpoamopTusaropa

no NOCT 14249-89 [2]

Jlomyckaemoe HamnpsbkeHue [G] mpu
pacuere 1o NpEeesIbHBIM Harpy3kam cocy-

JIOB W ammaparoB, pabOTAOIINUX MPHU CTa-

TUYECKUX  OJHOKPATHBIX Harpyskax,
OIIPENIEIISIIOT:
. 0. 0,
[o] = min (—T;—B), 1)
Nr Mg

rae o, = 230 Mlla — npenen TeKydecTH
cranu BCr3;

o, = 460 MlIla — npenen BHIHOCIHUBO-
ctu ctanu BCt3;

n, = 1,5 — koapdunuent 3anaca;

n, = 3,0 — ko3¢ dunmeHT 3amnaca.
Takum o0pa3zom, JIOITyCKaeMoe
HanpspkeHue [o] = 154 Mlla.

Cornacuo I'OCT 14249-89 otmeapHO
pPacCUMTHIBAEM TOJIIIUHY CTCHKHU IIMJIWH-
npa rtuapoamoprtusaropa. llpumem, uTO
TOJIIIMHA CTEHKW LWJIWHJpa TapaHTUPOBa-
Ha u paBHa 3 mm. Torna npenenbHOE JaB-

JICHUE PACCUMUTHIBAETCS 0 (popmyie
2[o]ppsk

[p] = 200 @

p] = 2:154-0,9-3:0,9
Pl = 64+3

=11,17 Mlla,

rie ¢, = 0,9 — xoopdumment popmbl
CBapHOTO IIIBA;

D = 64 MM — BHYTpeHHUI IuameTp
MWIHHIPA;

S =3 MM — TOJIIMHA CTCHKH [WIHHIPA;

k =0,9 — koaddunmeHTt, y4unThBaro-
MUK HaJTM4YUe OTBEPCTHUS B IIUIMHIIPE.

[c] = 154 MIla - mgomyckaemoe
HarnpsHKCHHUE.

Otcroma, JomyckaemMoe  JaBJICHUE
[p] = 11,17 MIla.

Hanpsokenus, BO3HUKAIONIME B IH-

JUHApPE TPHU HArpyKEHUHU, BBIUUCISIOTCS

o gopmyie
D
p(5+1D)
7= 2¢pk ’ (3)

1,519875 - (% +1)

= = 20,95 MII
d 2-0,9-09 ’ b
2.0265 - (%+ 1
= = 27,94 MIla,
T 270909 :
8.106 - (%+ 1)
o= = 111,75 MIla,

2:09-09

W3sectus KOro-3anagHoro rocyaapcreeHHoro yHuBepcuterta / Proceedings of the Southwest State University. 2019; 23(3): 44-53



KotensHukos A. A., PognoHos A. 3. lMpumeHeHne MeToaa KOHEYHbIX ANIEMEHTOB MpKU pacyeTe... 47

8612625 (% + 1) 1114575 (& + 1)

o= 30909 = 118,73 MIla, o= 309-09 = 153,66 MIla,
9.11925 - (63_4 +1) r7ie P — JAaBJICHUE, IPUKIAILIBAEMOE K IIH-
= = JINH .
o 70909 125,72 MlIla, apy

6 4 Pe3y.]'IBTaTBI 3aBUCHUMOCTH Hanpfmce-
101325 (5 + 1)

o HUM B UWIMHAPE OT BHYTPEHHErO JaBlie-

= 139,69 Mlla,
2-09-09 HUSI TIPEJICTABIIEHBI B Tabuie 1.

Tabmuua 1

3aBUCUMOCTE HaHpﬂ)KCHI/Iﬁ B DWJIMHAPEC OT BHYTPCHHETO JABJICHHUA
Table 1

The dependence of the stresses in the cylinder from internal pressure

Hasnenue, Mlla 1.519875 | 2.0265 | 8.106 | 8.612625 | 9.11925 | 10.1325 | 11.14575

Hampsoxkenne, Mlla 20,95 2794 |1111,75| 118,73 125,72 | 139,69 | 153,66

tabnuie 2. B KpaeBbIX CEUEHUSIX TUIPO-

2. AHanu3 HanpsXeHHo-
aMOpTH3aTOpa HANPSKEHUSA 3HAYUTEIBHO
AedopMMpOBaHHOIO COCTOSAHMS Kopryca

. HWKe (Harmpumep, npu aasienunn 1.519875
rnapoamopTu3aTopa pellaTensmu:

NX Nastran, SolidWorks Simulation MIla e npesbimaior 4,545 MIla).

m APM FEM [3,4] Pacuer B SolidWorks Simulation[8-
JI% TOro, 9TOGH AHATH3 GBI 0CTO- 11] Tarxke moKaszaj, YTO MaKCHMAJbHOE

HaIpsDKEHWE B KOPITyce THIPOaMopTH3a-
BEPHBIM, OB CO3/IaHBI TPEXMEPHBIE MO-

TOPA UCIBITBIBAIOT CTEHKU LIWJIMHIPA, OJI-
Jend ruapoamoprusatopa [5, 6, 7] co p a Aipa, ol

HAaKO 3HA4YCHHUA HaHpﬁ)KeHI/Iﬁ 3HA4YHUTCIBHO
CBapHbIMU MIBAaMH, CIICOUAJIBHBIM Bpallla-

IPEBBIILAIOT T€, KOTOPbIE OBLIM MOTYYEHbI
B APM FEM.

eTeeM Ui 3aKpeIUICHUs THIpoaMopTH3a-
TOpa B KaxaoW u3 mporpamm. Bo Bcex
TpeX ciydasx Oblla TpUMEHEHa TeTpa-
JJlaJIbHAs CETKAa C PAa3MEpOM KOHEYHOIo
AJIEMEHTa PaBHBIM 5 MM U (PUKCHPOBAHHOE
KpEIUIEHUE TUAPOAMOpPTHU3aTOpa 3a IpOoy-
LIUHY.

Pacuer B APM FEM [4, 5, 6] nokasza,

YTO MAKCHUMAJIBHBIC HAIPAKCHUS BO3HU-

KarT B CTCHKC IMUWJINHAPA Tr'HaApoaMopTUu3a-
I AP AP p Puc. 1. TpexmepHasa Modenb rnapoamopTusaTopa

TOpa CO CTOPOHBI OTBEpCTHUS (pHC. 2).
Fig. 1. Three-dimensional model

3HaueHne MaKCHUMAaIbHBIX HaIrpsoKe- ]
of hydraulic shock absorber

HUUM B LEHTPAIbHON 30HE MPEICTABICHO B
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Puc. 2. MakcumanbHoe HanpshkeHue npu pacyete B8 APM FEM

Fig. 2. Maximum voltage when calculated in APM FEM

Tabmnura 2

3aBUCHUMOCTD HAIIps>KCHUA B ueHTpaanoﬁ 30HC KOPITyCa OT BHYTPCHHCTO JJaBJICHUSI

npu pacuére B8 APM FEM

Table 2
Dependence of the voltage in the Central zone of the housing on the internal
pressure in the calculation of APM FEM
Hasnenne, Mma | 1.519875 | 2.0265 8.106 |8.612625 | 9.11925 | 10.1325 | 11.14575
Hanpsoxenne
B LIUJIUHIPE, 36,35 48,46 193,9 206 218,1 2424 266,6
Mia

I Makc: |291.826
4
y
/

Puc. 3. PacnpeneneHne HanpsbkeHui npu pacyéte B nporpamme SolidWorks Simulation
Fig. 3. Stress distribution in SolidWorks Simulation
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Taonuma 3

3aBUCHUMOCTD HAIPSKEHUS B KOPIYCE THAPOAMOPTU3aTOPa OT BHYTPEHHETO JABJICHUS IIPU

pacuéte B mporpamme SolidWorks Simulation

Table 3

Dependence of the voltage in the body of the hydraulic shock absorber on the internal pres-
sure in the calculation program SolidWorks Simulation

Hasnenne, MIla |1 519875 2.0265 | 8.106 |8.612625| 9.11925 | 10.1325 | 11.14575
Hanpaxenne 8 | a9 705 | 53046 | 212,237 | 225502 | 238,767 | 265297 | 291,826
nuieape, Mlla

Pacnipenenenne HanpsbkeHnd npu pac-
yete B NX Nastran coBnagaer c pacmnpe-
JICJICHUEM HampshKeHUi, KOTopoe ObLIo
noiydeHo B SolidWorks Simulation. 3a-
BHUCUMOCTh 3HAUCHUI HATPSOIKEHHUS OT JaB-
JIEHUSI B THAPOAMOPTH3ATOpE TpeIcTaBie-
Ha B Ta0aure 4.

Pacuer B NX Nastran [4,7-10] Taxxe
MOKa3aJl, YT0 MAaKCUMAJIBHOE HAINpsHKEHUE
B T'MIPOAMOPTHU3ATOPE UCHBITHIBAIOT CTEH-

KM OWIMHApPA, OIHAKO 3HAYCHHA HaIIps-

JKEHUH TMPEBBIMAIOT Te, KOTOpbIE ObLIH
nosyuensl B APM FEM.

3. CpaBHUTENbBHbLIV aHanu3 pesynsTaTos
pacyeTa no NOCT 14249-89 n meTogom
KOHEYHbIX 3N1eMEHTOB

Ha puc. 5 mpencrasiieHsl 3aBUCUMO-
CTH HAINpPSKCHUH OT MPUKIAJABIBAEMOTO K
KOPITYCy THIPOaMOpPTU3aTOpa BHYTPEHHE-
r'0 JIaBJICHMS, TIOJyYCHHBIE TIPU pacueTe Mo
I'OCT 14249-89 m MeTOIOM KOHEYHBIX
AJIEMEHTOB B Pa3IMYHBIX ITpOrpamMmax.

Puc. 4. Pacnpegenerue HanpsxeHuin npu pacdeTte B NX Nastran

Fig. 4. Stress distribution in the calculation of NX Nastran
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3aBUCUMOCTb 3HAUCHUI HANIPSKEHUSI OT BHYTPEHHETO JAaBICHUS

B KOpmyce ruapoamoptusaropa npu pacuete B NX Nastran

Dependence of the voltage values on the internal pressure in the body
of the hydraulic shock absorber when calculated in NX Nastran

Tabmuma 4

Table 4

JlaBnenue, MIla 1.519875 | 2.0265| 8.106 |8.612625|9.11925 | 10.1325 | 11.14575
Hanpsixenue
37,79 | 50,39 | 201,56 | 214,16 | 226,76 | 251,95 | 2715

B nuiuHape, Mlla

Tabmwmma 5

CBojgHas TabauIa 3aBUCUMOCTH HAIIPSHKEHUH OT MPUKIIAABIBAEMOTO
K KOpIyCy r'uipoaMopTU3aTopa BHYTPEHHEIO JaBICHUS
Table 5
Summary table of the stress dependence on the internal pressure applied
to the body of the hydraulic shock absorber

Jasnenue, MITa |1.519875| 2.0265 | 8.106 [8.612625| 9.11925 | 10.1325 |11.14575
Hamnpsxenue B
MUJINHIAPC B
KOMIIAC-3D 36,35 48,46 193,9 206 218,1 242,4 266,6
APM FEM, MIla
Hanpsioxenne B
WIMHAPE B | 39785 | 53,046 | 212,237 | 225,502 | 238,767 | 265,297 | 291,826
SolidWorks Sim-
ulation, MITa
Hanpsixenue B
rHape B NX 37,79 50,39 | 201,56 | 214,16 | 226,76 | 251,95 | 277,15
Nastran, MIla
Harnpsoxenue B
LUINHIAPE 110
FOCTy 14249- 20,95 27,94 | 111,75 | 118,73 | 125,72 | 139,69 | 153,66
89, MIla

Pe3synbTaTtbl U ux o6cyxaeHuve

PesynbraTel pacu€éra METOIOM COIpO-

tuBiieHns: MatepuanoB o ['OCTy 14249-89

TOAAMH KOHCYHBIX 2JICMCHTOB.

OTIIMYAIOTCSI OT PEe3yJbTATOB pacuéTa Me-
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[Ipy yBenuueHUH [ABJICHUS BHYTPU
KOpIlyca TUAPOAMOpTU3aTOpa HAOIIOAAeT-
Csl YBEIMYECHHE DPA3HOCTU HANPSHKEHUH B
pacuérax METO/IaMHi KOHEUHBIX 3JIEMEHTOB

1 METOAOM COIIPOTHUBJICHUA MAaTCPHUAIOB.

[Tpu BHyTpeHHeM naBienuu Oosee 11 Mlla
pazauna mocruraet noutu 50%. ITot dakT
HEOOXOAMMO YYHTHIBATh IPH MPOSKTUPOBA-

HUU ITOI00HBIX KOHCTPYKITHIA.

4 N\
== NX
Ng/j.ﬁlN

- /4 pIdWorks

= $ Simulation

=

D

E APM FEM

=

c;q M/:OCT

i
—
Hapaenune,MIla

\§ J

Puc. 5. 3aBUCMMOCTU HanpsKeHUiA OT NpUKMIaabIBAaeMoro K Koprycy ruapoamopTusaTopa

BHYTPEHHEero gaBneHus

Fig. 5. According to the stress applied to the body of the hydraulic shock absorber's internal pressure

BbiBoabl
CoBMeCTHOE HMCIOJIb30BAHUE PaA3JIHU-
HBIX METOJOB pacu€ra HalpsKEHHO-Ie-

(OpMUPOBAHHOTO COCTOSIHUSI  CBapHOTO

KOpITyca MO3BOJIIET PALMOHAIBHO CIIPOCK-
TUPOBaTh HU3JENHE TPU MHUHUMAJIHLHOM
pacxoje mMarepuaia ¢ 3aJaHHBIM K03ddu-

OUCHTOM 3araca nmpoO4YHOCTH.
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