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PaccmarpuBaercs MeTo[ pacyera MpyXKHH MEPEMEHHOT0 cedeHus, (JOpMBI U IIara Ha OCHOBE
nporpammbel ANSYS Workbench. B xauectBe npumMepa ucmosb3yercst aBTOMOOHIbHAS TPYKUHA TIOA-
Becku. [lomydeHa numarpaMma Harpyska — aedopmanusi UIsi paBHOHArpyKEHHOM MPYXKHHBI C Tepe-

MCHHBIMU ITapaMETpaMu.

Knrouesvie cnosa: npyxuna ¢ nepeMeHHbIMU napamerpamu (I1I111), anarpamma HarpykeHus,

ANSYS Workbench.
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A method for calculating the spring of variable section, forms and step through the program
ANSYS Workbench. For example, use a vehicle suspension spring. Load-deformation diagram for
uniform-loaded spring with variable parameters was obtained.

Keywords: spring with variable parameters (SVP), the chart loading, ANSYS Workbench.

B KOHCTpYKUMAX COBPEMEHHBIX MAIlMH U
MEXaHH3MOB HCIIOJB3YETCs] OTPOMHOE KOJIUYECTBO
yrnpyrux sieMeHToB (YD) M3  MeTauTHuecKuX
CIJIaBOB. OTU YO U3 cTaliell MEepIUTHOro, aycre-
HUTHOTO U MapTeHcuTHoro kinacco, Co— Cr — Ni
CIUIaBbl, TUTAHOBBIC, MEIHBIC WM ATIOMHHHEBBHIC
cruiaBel. Upe3BBIYaiiHO pa3HOOOpa3HBI M CIIOCOOBI
YIPOYHEHUS], KaK 3aTOTOBOK, TaK M TOTOBBIX U37e-
Ui, OTO — TepMuuecKas 00padoTKa U pa3IUYHbIC
BapHaHTBl COYETaHMsI TEPMHUYECKOW M MeXaHu4e-
ckoit 0opadorok (TMO). Bee pasHoobpas3ue mate-
pHAIOB M TEXHOJOTMYECKHX MEPONpPHUATHI Tpen-
HA3HAYEHO JUIA CO3JaHusl YD yIOBJIETBOPSIOIIUX
TpeOOBaHUSIM KOHCTPYKTOpA: MpPH 33aJaHHOW KOH-
CTPYKLUH, TabapuTax M Bece M3TOTOBUTH Y C
HEOOXOMMOM XapaKTepPUCTHKON HArpy>KeHus. AB-
TOpaM HEM3BECTHBI Pa0OTHI MO pacyery MPYKUH C
NEpEeMEHHBIMU MapaMEeTpaMd B MPOrPaMMHOM
komruiekce ANSYS.

HecrannaptHble KOHCTpYKIHH YO npuMe-
HSIEeMble B pa3iM4YHBIX YCTPOMCTBAX IO3BOJISIOT
pemarb MHOTHE IPOOJIEMBbI IPU pa3padOTKE HOBBIX

MammH. Tak, mpuMeHeHHE CIUpalbHBIX HPYXKUH
MEPEMEHHOI0 AUaMETpa W CEUYCHHUS! 3arOTOBKH B
ABTOMOOUJIBHOM TIOAIBECKE CHAENaJ0 KECTKOCTh
MOJBECKH COOTBETCTBYIOIIEH Harpy3ke mpu OJHO-
BPEMEHHOM CHMYKEHHH Cce0eCTOMMOCTH M Tadapu-
TOB y3ia noasecku. Pazpabotku YO ¢ mepemeH-
HBIMH TIapaMeTPaMHU BBI3BIBAIOT 3aTPYAHEHHUS B
AHAJIMTUYECKUX pacdeTax TaKuX KOHCTPYKLUH.
[IpruMeHeHUe YMCIEHHBIX METOJIOB U KOMITBIOTEP-
HOTO MOJICIHPOBAHMS, 3AJI0KEHHBIX B MPOTrpaMM-
HOM KOMIUIeKce MHXeHepHoro aHammza ANSYS,
3HAYUTENFHO YIPOIIAeT pacdeThl W CHIKAET 0
MUHUMYyMa 3KCTIEPUMEHTAIBHYIO TPOBEPKY.

Koncrpykumit ¥O c IIII nocrarouno mHo-
r0: 3TO CHHUPATbHBIC MPYXHHBI IEPEMEHHOTO Ua-
METpa, PEccopbl, TOPCHOHBI MEPEMEHHOIO Cede-
HUS, pa3HOOOpa3Hble AWHAMOMETpUYEecKHEe YO H
Ap.

B nacrosimiet pabote B KauecTBe mpuMepa
paccMaTpUBaIOTCS JBE KOHCTPYKLIHMH CIUPAIBHBIX
OPYKUH TIEPEMEHHOT0 AMaMerpa M CEYEeHHUs 3aro-
ToBkH (puc. 1, 2). CeueHne 3aroTOBKU — MPOBOJIO-
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KH MOXET OBbITh KPYTJIbIM, KBaJPaTHBIM WU MpS-
MOYTOJIBHBIM, T.€. MpaKTHUecKH Jt00bIM. J{iist mpo-
BereHus pacueroB ANSYS cosmaercss moxmens B
moboii w3 Tpaduueckux mnporpamm. IlepBoHa-
YajbHBIC pa3Mepbl NmpyxuHbl (YD) 3amarorcs Ha
OCHOBE OPHEHTHUPOBOYHOTO pacuera 1o OOLIeTpH-
HATHIM MeroaukaM [1, 2]. OkoHuaTeNnbHbIH pacyer
B ANSYS Moxer ObITh Kak MpsIMBIM, Tak oOpart-
HBIM, T.€. MOXXHO 33/1aBaTh BOCIPHUHHMAEMEBIC
Harpy3KH, BBIOMpATh MaTepHal ¢ HEOOXOJUMBIMH
CBOWCTBAMH U ONPENEISTh pa3Mephl. SHAUYUTENHHO
OonpIIMi MHTEpEC MPEACTaBIseT 0OpaTHas 3aa4a.
UCXOIs U3 YCIIOBHH PabOTBI yCTPOMCTBA, B KOTO-
poM wucmonb3yeTcss YO, 3aJaercd adarpamma
HarpyXeHUus,, MEXaHHUECKHEe CBOWCTBA MaTepHaia
(mpenen ynpyrocTd, BpeMs pelakcaluH, B 3aBU-
CHUMOCTH OT YCJIOBUH IKCILTyaTalliyd — JTUHAMHUYE-
CKHMH WJIM CTaTUYECKUH MOIYJb YIPYTOCTH) W Jia-
niee KOHCTpyHpyetcs hopma ¥YO.
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Pucynox 1. ABTOMOOU/IBHAS IPY’KHHA TOBECKH.
Pe3yabTaThl pacyeToB: ¢) — HHTCHCUBHOCTHU HAIIPSI-
sxennit, [la; 6) — mepemMereHus, MM

Martepuansl Uil CHJIOBBIX NPYXHH U JIU-
HaMOMETPOB MOTYT ObITh pasubie [3, 4]. [Ipu BbI-
Oope maTepuainoB IS JaTYMKOB KPYTSILEro Mo-
MEHTa B pAAE clydaeB LenecooOpasHO UCIONB30-
BaTh Jemnupyronme cmiasbl [4]. s MHOrHX
CHJIOBBIX TPYXHH TOCIE OKOHYATENBHOH TepMH-

4ecKoi 00paboTku (3akajaka ¢ OTIYCKOM) MpHUMe-
HSETCS JNOMOJHUTENBHOE YINPOYHEHUE IIacTUye-
ckoit gedopmanumeit. nsg wu3menuii THma TOPCHO-
HOB — 3TO OOKaTKa POIUKOM, JIS CIHPATBHBIX
MPYXUH W TUIACTUHYATBIX — OOJyBKa CTadbHOMN
WM 9yryHHOU JpoOwto. [locime Takoro jaomoiHu-
TEIBHOTO YIPOYHEHUS HEOOXOHMM JIOMOJHUTEIb-
HBIN OTITYCK (CTapeHue) ¢ TeMIepaTypoil HeCKOJb-
KO HIKE MPEALIECTBYIOLIErO OTHycKa. YIpoyHe-
HUE O0bIYHO mpoucxoauT Ha rayouny 0,5-1 mwm.
DTO YNpPOYHEHHE XOJOJHOM IUIACTUYECKOH Je-
(hopMaruell MOBEPXHOCTH MPHUBOAUT K CO3IaHUIO
CXKUMAIOIINX HANpPSOKEHWH M, KaK CICICTBUE, TO-
BBIIICHHUE YCTaJOCTHON MpoyHOCTU. B pesynbrare
MoOABICHUS K HAMPSIKEHUSM KPYUYCHHS HampsiKe-
HUW OT TMOBEPXHOCTHOTO YIMPOYHEHHUS HAUOOIb-
IIME PACTATHBAIONINEG HAMPSHKCHUS YMEHBIIIATCS,
a HanOOJBIINE CKUMAFOIIUE — YBEIIMYUBAIOTCS 110
a0COIIOTHOI BEIHYHHE.
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Pucynox 2. CiupanbHasi CHMMeTPUYHAS NMPYKUHA!
@) Oe3 Harpy3Ky; 6) MoJ] Harpy3Kou

B ornmume or meMeHTanuu MOBEPXHOCT-
HBII HaKJIEeN CO3/laeT BEChbMa INIABHOE M3MEHEHUE
OCTaTOYHBIX HaNpsDKEHUH 1O TIyOuHE, OTCYTCTBY-
eT pe3KHil CKayoK Mepexoa CKMMAIOIUX Hamps-
JKeHHH K pactsaruBatommM. s momydeHust WH-
dbopMaui 0 CKUMAIOIIUX HAIMPSDKEHUAX U COOT-
BETCTBEHHO OOBEMHBIX M3MEHEHHH, HEOOXOIMMBI
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Pacuem npyscuH ¢ hepeMeHHbIMU napamempamu

SKCTIIEpUMEHTAIbHBIE JaHHBIE HA IUIOCKUX 00pas-
nax — cpuuerensx. Ha mMomenu mpy:KUHBI MOXXHO
3aJaBaTh YNPOYHEHHBI CJIOH M TEM CaMblM B
JalbHEeHIIeM OLCHUBATH €ro BIMSHUE HA Hamps-
*eHHo-nepopmupoBanHoe cocrosuue (HAC) Beeit
TPYXHHBL

KoHcTpyknmst paccMaTpuBaeMbIX MPYKUH
JOJKHA YJIOBJIETBOPSTH OAHOMY BEChbMa Ba)KHOMY
YCIIOBHUIO: TIONATIINBAs YacTh MPYKUH MIPU CKATUU
HE JOMKHA HMETb COIPHKACAIOUINXCS BHUTKOB.
CkaTple BUTKM JIOJDKHBI BKIIQIBIBAThCS JPYT B
Ipyra W HaxOAWUTBCA B OAHOW IJIOCKOCTH. [lainb-
Helilee NpUIOKeHHe ycunusa Oyzaer aedopMupo-
BaTh )KECTKYIO 4aCTh NPYXHHEI (puc. 1).

Co3pmanne mMozenell MpyXUH MPOU3BOAUT-
csi B mporpammHoM nakere KPMITAC-3D v.13.
Jnst Mozenell IPY>KUH C MEPEMEHHBIM MO IJIUHE
[1aroM HaMOTKH, JTUMETpaMH BUTKOB U THaMeTpa-
MU TIPOBOJIOKH (IpyTKa) ObLla HamMcaHa CIHElU-
anpHas uaTerpupoBanHas B KOMITIAC 6ubnuore-
Ka, IMO3BOJISIONIAS aBTOMATHU3UPOBATH 3TOT MpO-
ecc. bubnuoreka Hanucana Ha sAsbike C'* ¢ Hc-
none3oBanuem SDK, mpenocrtarmsieMmoro Bmecre ¢
nporpammorr KOMITAC 3D. DOra 6ubnunoreka, uc-
MOJIB3Ysl BBOAMMBIEC TIIOJIB30BaTENEM JAHHBIE O
¢dbopMe TpyKHUHBI, CIOCOOHA TEHEPUPOBATH €€ MO-
nens. ['eHepupyemast Moaenb 3aJaeTcs 0 CeYeHH -
SM TIPOBOJIOKU (TIpyTKa), pacloNOKEHHBIM 4Yepe3
OIHY BOCBMYIO BUTKa. Kakmast 4acTh BUTKa WAEH-
TuUIUpyeTcs OBYMS OUAMETpaMH M PagiycoM
KPUBH3HBI, KOTOpPHI 3a7aeTcsi B BUAE IUAMETpPa
BHTKA W mara. B cimydasx, korga tpedyercs Oomnee
TOYHasi MOJENb MPYXXHHBI, YacCTOTy AWCKPETH3a-
MU MOXKHO YBEIWYHTH. TakuM 0Opa3oM, MOXKHO
CO3[1aBaTh MOJEIH CIHPAIBHBIX NPYXKHH, HMEIO-
HIKe TIepeMEHHbIE 110 BBICOTE MapaMeTphl (GopMbl ¢
MUHUMaJIBHBIMU 3aTpaTaMu BpeMeHH. Co3iaHHBIE
MOJIETT UMIOPTUPYIOTCA B NMPOTPAMMHBINA MaKeT
ANSYS nns npoBeneHust HCCICIOBAaHUN UX MeXa-
HUYECKHX XapaKTepuCTUK. [IpuHsTas MeToauka
pacuera TMO3BONAET KOPPEKTUPOBATH Pa3MEpEI
OPY)KUH TaKUM 00pa3oM, 4ToOBl Bech 00beM mpy-
JKUHBI TIOA Harpy3KOH HUMel OJHOPOIHOE Hamps-
JKEHHOE cOoCTosiHHE. Ecnm Kakoi-mubo ydacTok
OPYXUHBI OyZleT HaXxOOUTHCS B HEIOTPYKEHHOM
WIN TIEPErPYKEHHOM COCTOSHHH, TO 3TOT Y4aCTOK
3aMeHsieTcsl Ha Moxenu. JKecTKOCTh MOAATIMBOM
YacTU MPYKUHBI MOKHO MEHSTH JTHOO TOJILIMHON
BUTKA, THO0 ero auamerpoM. O COCTOSHUU HArpy-
JKEHHOCTH 4YacTed MPYKUHBI IPOILIE BCETO CYIUTh

MO 3KBUBAJICHTHBIM HAIPsSKCHUAM. KacaTeJ'IBHLIe
HAIMps>KCHUA B BUTKAX OIPCACIIAIOTCA IO BCIU-
ypne Shear Stress XY u Shear Stress XZ B mome-
pC€UHOM CCUCHHU BHUTKAQ, pa3pe3aHH0171 BAOJIb OCH
BCEH MPYKUHBL. ITO OYIOYT Tyy U Tyz , 10 KOTOPBIM
MOXHO BBI6I/IpaTL Marcpual u ,Z[aJ'ILHefIH.Ion TCX-
HOJIOTUIO YHOPOYHCHUSA. Ha puc. 3 npeacTaBJICHA
AuarpaMmma Harpysku aHaHI/IBI/IPOBaHHOﬁ aBTOMO-
OounpHOI Tpyx)uHbl. Ha rpaduke siBHO mpocMar-
PpUBAOTCA TpU ydYaCTKa NpU CPABHUTCIBHO OOHO-
POAHOM HANPAKCHHOM COCTOSIHUM BCCX BUTKOB

MPY>KUHBL

0,11252-

0,10126-

9,0012e-2-

7,8761e-2-

6,7509e-2-

5,6258e-2-|

4,5006e-2-

Hedopmanns, Mm

3,3755e-2-|

2,2503e-2-

1,1255e-2-

0 0.5 1.0
Harpyska, KH
Pucynok 3. /iluarpaMma Harpy3ku aBTOMOOHJIbHOM
NPYKHUHBI

BriBoa: pa3paboTaHa Meromuka MpPOEKTH-
POBaHUS paBHOHATPY>KEHHOU MPYKUHBI, HMEIOILIEH
NepeMEeHHbIE MapaMerpsl, ¢ HCIONb30BaHHUE IPO-
rpammHoro komruiekca ANSYS, 3HauuTenbHO
CHIDKAIOWIAsi TPYAOEMKOCTh PacueToB IO CpaBHe-
HUIO C TPaJULMOHHOH.
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