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CHJIOBBIE ITIAPAMETPHI ITPOIIECCA IITAMIIOBKH TOPIHEBBIX BBICTYIIOB OCAKUBAEMOM
INANBbI ®PUKIIMOHHBIX COEJIMHEHUI

Annomayus. B cmpoumenscmee, msaiceiom MAWUHOCIMPOCHUYU U ABUACMPOCHUU WUPOKO UCNONb3YIOMCS (DPUKYUOHHbIE CO-
COUHEHUSL C BLLICOKONPOUHBIMU KPEnedCHbvIMU uzderusimu. Haoesxcnocms u pabomocnoco6HOCnb KOHCMPYKYULL ¢ DPUKYUOHHBIMU CO-
COUHEHUAMU 3A8UCUN OM YCUNUSL 3AMAAICKU NPUMEHAeMOo20 Kpenedca. B omeuecmeennoil npomviuiiennocmu ycunue 3amsaicKu KOH-
mpoaupyemcsi aubo no Kpymsuemy MOMeHmy, KOMopblil USMepAemcs ¢ NOMOWbLIO MAPUPOBAHHO20 OUHAMOMEMPUUECKO20 KIIoYd,
aubo No yery nosopoma 2aiKu Ha KOHEYHOM dmane 3aKpyuusanus. Boiueommeuennvle memoobl KOHMPOA YCUNUS 3AMAACKU 00na-
0alom NOBbIUEHHOU MPYOOEMKOCMbIO. 3a pybedcom WupoKko NPUMEHSAIOMCs PPUKYUOHHbIE COCOUHEHUS] ¢ KOHMPOLEM YCUNUs 3a-
MSICKU Kpenedica no oegopmuposanuio omoenvhwix snemenmos. B Anonuu u CLIA ucnons3ylomes 6bicoKonpoutvie 60mul ¢ KOH-
Mponem yCunus 3amsicKu N0 CKPYYUBAHUIO MOPYe8o2o siemenma. [pyeoti s(pghexmushviiit cnocob KOHMpOas YCUnus 3amsdicKu
DPUKYUOHHBIX COCOUHEHUL 3aKI0HUACMC sl 8 UCNONb308AHUU CNEYUALbHOU Walbbl ¢ MOPYEGLIMU OCAICUBACMBIMU BLICTIYNAMU, KO-
mopule 6 npoyecce 3amsicku oeopmupyiomes. Konmpons ycunus 3amsjicku ocywecmeisiion nymem 3amepa 3a30pa mMexucoy wati-
b6amu. 3asop 3amepsitom 6 npoyecce 3amMANCKU KPEnexrca CReyudrbHbiM wynom. Hcnonwbsys memoo KOHeuHbIX d7eMeHmos Ha base
npoepammuozo komniexca « DEFORM-3Dy, sbinonneno moderuposanue npoyecca wmamnosKu blCmyna watiopl, 0caixcusaemozo
npu 3amsicke. Mexanuueckue ceolicmea mamepuana wimamnyemou 3a2omogku (cmanv 35) 3adasanuce u3z 6asvl OAGHHBLIX NPOSPAMM-
HO20 KOMNEKCA, d WmMAamMnosslil UHCMpyMeHm (Mampuya u nyaHcoHn) paccMampusaniucy Kaxk abcoaromuo meepovie meaa. Ilo pe-
3YIbMAMAM 8bINOIHEHHBIX PACYemo8 Nocmpoen 2paguk 3agucumocmu ycunus F wmamnosxku ocadxcusaemozco svicmyna wiaiiovi om
nepemewgenus Ah nyancona. J{ns annpoxcumayuu nonyuennot kpusott F = f(Ah) ucnonvszosancs norunom 5-ii cmenenu.

Knrwouesvie cnosa: ¢puxyuonnvie coeOuneHusl, 8biCOKONPOUHble Kpenesxchvle uzoenus, 60am, 2aika, wanda, ycuiue 3amsxicKu
Kpeneoica, MOOeIUpOSaHUe NPOYeCca WMAMNO8KY, MemooO KOHEUHbIX JIeMEHMO8, YCUNUsL WMAMNOGKU

Brenenne HBIE OOJITHI C KOHTPOJIEM YCHIIHS 3aTSDKKH IO CKpyJIHBa-
HUIO TOPIIEBOTO 3JIeMeHTa Oourta [5, 6]. Takue GONTHI BHI-
TIOJTHSIOTCSL € TOJdyc(hepruuecKol TOJOBKOW, TIaJKUM H
pe3b0OBBIM yuacTkamMu. Ha KoHue pe3p0oBOro ydacTka
BBINOJIHSETCSA TOPIIEBOH AJIEMEHT B BHJI€ MHOTOI'PAaHHHKA,
3a KOTOpBIH OCYIIECTBIISICTCS 3aKpydnBaHHE OonTa.
Mexay pe3bOOBBIM y4acTKOM W TOPLEBBIM 3JIEMEHTOM
BEITIOJTHSCTCS IIFITMHIpHYEecKasi KaHaBKa CTPOTO OIpese-
JICHHBIX pa3MepoB. [Ipu okOHUATETHHOH 3aTsKKE pe3n00-
BOTO COCAHMHEHUS Taiika OCTaeTcs HEIMOJBHKHOM, a Kpy-
YeHHE OCYIIECTBISIOT 32 TOPLEBOW MHOTOTPAHHBIA 3Jie-
MEHT W TPH JOCTIDKCHHH OIPEICICHHOTO KPYTSAIIEro
MOMEHTa, a CIICIOBAaTEeIbHO U YCHIIHS 3aTSDKKH, IPOUCXO-
JUT CKpyYMBaHHE TOPLIEBOTO 3JEMEHTa M0 IWINHIpHIE-
CKOH KaHaBKe.

Jpyroit mupoko mnpuMeHseMbId 3a pybOexoM 3¢-
(eKTUBHBII CIIOCO0 KOHTPOIHPYEMOW 3aTSKKU (HPHUKITH-
OHHBIX COEIMHEHHWH 3aKIIf04aeTcss B JAe(OpMHUPOBAHUU
TOPIIEBBIX BBICTYIOB CIICIIHAIFHON MIaii0BI U 3aMepa BO3-
Hukatomero 3azopa [7]. KpenexHsle neranu s KOH-
TPOJISL YCHIIUSI 3aTSHKKH 110 1e(hOPMHPOBAHUIO BHICTYIIOB
OCa)XMBAaeMOW IIaHObI MpeICTaBIeHBI Ha puc. 1.

B Hacrosmiee BpeMsl B CTPOUTENBCTBE U TSDKEIIOM
MalIMHOCTPOCHUH, a TAKXKE B ABHAIIMOHHOW IPOMBIII-
JICHHOCTH HaxXOJsT LIMPOKOE MPUMEHeHNe (DPUKIUOHHBIE
COEIMHEHUS C BBICOKOIIPOYHBIMH KPETEKHBIMH H3ICIIH-
MU (60nTHI, raiiku 1 maii6a) [1, 2]. PabotocnocoOHOCTE U
Ha/IeKHOCTh COOMpPAaEeMBIX KOHCTPYKIMH CYIIECTBEHHO
3aBUCHT OT YCHJIUS 3aTsSKKU Kpemexa [3], koTopoe pe-
TJIaMEHTUpPYeTCs COOTBETCTBYIOLIEH HOPMAaTHBHO-
TeXHUYECKOM JokyMmeHrtauued. [losromy mpu MoHTaxe
KOHCTPYKIHMI B 00sI3aTEILHOM TIOPSIIKE KOHTPOJIUPYETCS
ycuine 3aTsHKKH. [ KOHTpOJS yCHiHs MCHOJIb3YIOTCS
pas3IMYHbIe TEXHUIECKUE MOXO0bI U PEIICHHS.

B oTeyecTBEHHOH NPOMBIIIIEHHOCTH KOHTPOJIb
YCHIIHS 3aTSDKKU BRICOKOIIPOYHBIX OOJITOB (YPUKIIMOHHBIX
COEIMHEHUI, B OCHOBHOM, OCYIIECTBISETCS JTHOO IO KpPY-
TAIIEMY MOMEHTY, TNPHUKIAIBIBAEMOMY K CIEIHAIBHO
MIPUMEHSIEMOMY JAMHAMOMETPUYECKOMY K04y, JTH00 1O
YTy 3aKpy4HBaHHS TalKW HAa KOHEYHOM 3Talle MOHTa)Xa
[4]. Tlpumensemble MeTOABI O0OJAMAIOT TOBBIIEHHON
TPYLOEMKOCTBIO, HOCST CyOBEKTHBHBIH Xapakrep U He
Bceraa o0ecleunBaoT TpeOyeMylo TOYHOCTh perjaMeH-

THPOBAHHOTO YCHIIHS 3ATSKKH. = =
3a pyOekoM HaxXOJAT IHMPOKOE MPUMEHEHHE (PPHUK- = ; V7 '

IIMOHHBIE COEIMHEHHUS C BBICOKOIPOYHBIMU KPETEKHBIMU ( N (%}

M3/IEITUSAMH, KOHTPOJIb 3aTSKKM KOTOPBIX OCYIECTBIISIOT N7

o JIe(OPMHUPOBAHHUIO OTAEIBHBIX 3JIEMEHTOB Kpernexa. B 7 _— Z A 4/

SAnonnn u CIIA mHUpOKO HCMOIB3YIOTCS BBICOKOTPOY-
Puc. 1. Kpenexnsle neTanu Ui KOHTPOIS yCHIHS

3aTSHKKH 110 Ie(OPMHUPOBAHHUIO BHICTYIIOB
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[Tpouecc cOOpKM M KOHTPOJIb YCHIIHS 3aTSIKKH OCY-
LIECTBISIFOTCSL  CIEAYIOIUM 00pa3oM. BricoKompouHBbIi
6ont 1 BCTaBIsAeTCS B OTBEPCTHE COCOMHIECMBIX NETAJICH.
Co cTOpOHBI pe3pOOBOro yyacTka 00JITa OJeBArOTCS CIe-
IMajgbHas Maiba ¢ TOPLEBBIMH OCA)KUBACMBIMHU BBICTY-
mamu 3 ¥ IUIockas maiida 4, a 3aTeM 3aKkpydnBacTCs rai-
ka 5. Ilpm 3akpyunBaHWU TaWKu 5 BHICTYNHI 3 maiiObr 2
nedopmupyrotcs. KoHTponb ycwmust 3aTsSKKH OCYIIECTB-
JsieTcsl 1o 3a30paM Mexny Iaiibamu 2 u 4, KOTOpbIe 3a-
MEpSIIOTCS C TOMOUIBIO IITyTIa.

Ha puc. 2 neranbHO mpezcTaBlieHbl HEKOTOpBIE pa3-
HOBUIHOCTH IIAi0 ¢ 0CA)KUBACMBIMU BBICTYIIAMH.

Puc. 2. PazHoBuaHocTH 1aito
C OCOKUBACMBIMH BBICTYIIAMH

[Ipn BEIOOpE Ky3HEYHO-TIPECCOBOTO 00OPYIOBAHMA
U MIPOEKTUPOBAHUH TEXHOJOTHIECKOTO MHCTPYMEHTA IS
peanm3anyy Mporecca MITAMIIOBKH INai0 C TOPIEBBIMU
OCa)XKMBacMBIMH BBICTYIIaMH HeoOXoauMa WH(popManus
00 ycmmsx, BO3HHKAIONIMX B Ipolecce aehopMUpoBa-
Hus [8]. MogenupoBaHue mporecca IITaMIOBKH TOpIie-
BOTO BBICTyTA IIAH0OBI OCYIIECTBISUIOCH C UCTIONIB30BaHU-
em nporpammuoro komiuieka «DEFORM-3Dy, B ocHOBY
KOTOPOTO MOJIOKEH MEeTO/] KOHEUHbIX dseMenToB [9, 10].

Tak KaKk B M3BECTHBIX KOHCTPYKIMAX IIai0 Koimde-
CTBO OC@)KMBAEMbIX BBICTYIIOB MOXET OBITh Pa3lN4HBIM
(ma puc. 1 ux 5, a Ha puc. 2 ux 6 u 7), TO IS COKpaIie-
HUSI BPEMEHH pacdeTa paccMaTpHBAJICS MPOLECC IITaM-
MIOBKH OJTHOTO TOPLEBOTO BBICTYINA MIaiiObl. Cxema mpo-
necca e opMUpOBaHHUS IPEICTABIEHa Ha PUC. 3.

[Ipr KOHEYHO-3JIEMEHTHOM MOJEIUPOBAHUN TIPO-
Iiecca MITaMITOBKM BBICTYIIAa IIaWObI 3arotoBka 1 pasme-
Iajach Ha TOPLEBOW MOBEPXHOCTH MAaTPHIIHI 2, y KOTO-
POl BBITTOJIHEHO TIeHTpaibHOEe oTBepcTHe 3. Ilyancony 4,
KOTOPBIIl pa3Memancs COOCHO OTBEPCTHIO 3 MaTpHIIHL,
co00IIaI0Ch ABMKEHHE BHMU3. MeXaHMYECKHE CBOICTBA
MaTepuajia 3aroTOBKH | 3amaBaiuch W3 0a3bl JaHHBIX
nporpammHoro komiiekca «DEFORM-3D», kotopsie
ObuTH OJNM3KM K cBOicTBaM cranu 35, MPUMEHMMON NpHU
M3rOTOBJICHHUH 1aii0. IHCTpyMeHT (MaTpHLa 2 1 IyaHCOH
4) paccMaTpHBaICs Kak aOCOJIIOTHO TBEPAbIE Tela.

[To pesynbraram pacueToB HOCTPOEH rpadMK 3aBHU-
cuMocti ycuius nedopmupoBanus F oT mepeMerneHus
Ah myancoHa, KOTOpBIif TIpe/cTaBieH Ha puc. 4.
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Puc. 3. Cxema mpoiiecca MTaMnoBKu
U TIOJIsl THTEHCUBHOCTH HAINIPSHKEHUH NpU GOPMUPOBAHUU
TOPIIEBOTO OCAKMBAEMOT'0 BBICTYIIA LIAHObI:
@ — HavaIIbHBIH 3Tan JeGopMHUPOBaHNS;
6 — KOHEYHBIN 3Tal 1e(hOpMUPOBAHUS

7

y = -2,4187x° + 18,854x* - 50,645x° + 47,167 + 12,034x
R? = 10,9899

0 1 2 3 4

[MepeMeleHne MyaHCOHA, MM

Puc. 4. Usmenenwne ycmmus F mrraMmnoBku
npu GopMHpPOBaHKH BBICTYIIA MIAWObI

1 anmpokcuManyy NoJy4eHHOM KpUBOH UCIIOIb-
30BaJICS TIOJIMHOM 5-H CTENIEHU B BUJIE YPaBHEHUS

F = -2,4187(Ah)°® + 18,854(Ah)* — 50,645(Ah)* +
+ 47,167(Ah)X? + 12,034(Ah). 1)

VYpapHenue (1) 10CTaTOYHO TOYHO ONHCHIBACT 3aBHU-
cumocts F = f(Ah), Tak kax K03 HULHEHT AeTePMUHALINH
umeeT Bbicokoe 3nauenue (R? = 0,9899).

Jnst 06001IeHUs] OTYYCHHBIX PEe3yJIbTaTOB U BO3-
MOKHOCTH HX HCIOJIb30BaHUS TPH aHaJIM3e MPOLECCOB
J1e(hOPMHUPOBAHUS BBICTYNOB, MOJOOHBIX BBILICH3IOKECH-
HOMY, BBOJHIINCH O€3pa3MepHBIC MapaMeTpPhl: OTHOCH-
TENBHOE YICIbHOE YCHIHE [) MITAMIIOBKA H OTHOCHTEIb-
HOE TepeMerieHre €j IyaHCOHa, JJIsI OMPEIeNICHUsI KOTO-
PBIX HCTIOJIB30BATIUCH CICAYIOLIHNE 3aBUCHMOCTH.
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OTHOCHUTEIBLHOE YACJIbHOC YCUIIUC

p= (2)
oA’
rae O, — MpEeeN TEKyUeCTH MaTepHaa 3ar0TOBKY;
A - omanb MmornepeYHoOro CEYCHUA MyaHCOHa.
OTHOCHUTEIBHOE MEPEMCUICHUC ITyaHCOHA
& =—
"Th 3

rae Ah — mepemenieHue MyaHCOHa Ha I-M 3Tare aedhop-
MHPOBaHHUSL;
h — BBICOTa HCXOHOM 3arOTOBKH.

Hcnonw3yst Oe3pa3mepHbie mapamerpsl (2) u (3),
BBINIOJTHEHBI COOTBETCTBYIOIINE pAacueTbl M IOCTPOEH
rpaguk 3aBHCUMOCTH OTHOCHUTEIBHOTO YAEIBHOTO YCH-
IMA p OT OTHOCHTEIBHOTO IEepeMEIleHUs IMyaHCOHa &j,
KOTOPBIN MPEICTaBICH Ha pHC. 5.

4
=,
g 35
B
2 3
=
225
3
g2 2
QO
E15 . .
8 ¥ =-36,102x5 + 89,530x% - 68,7827 + 8,003=% + 11,072x
g 1 N R =0,9854
[=]
g 0,5

0

(] 0.2 0,4 06 0,8 1 1,2

OTHOCHTE/ILHOE nepeMellleHHe NYAHCOHA £

Puc. 5. 3aBUCHMOCTb OTHOCUTENBHOTO YCUIIUS P
OT OTHOCHUTEJILHOTO TIepEMENICHHsI TyaHCOHA &;

[onyuennas 3asucumocts p = f(&) anmpokcumu-
POBaJIack MOJIMHOM 5-ii CTETIEHH B BUJIE YPABHEHHUS

p=-36,192 & + 89,539 ¢* — 68,782 &° +
+8,003 &% + 11,072 &;. (4)

VYpasuenue (4) 10CTATOYHO TOYHO OIKCHIBAET 3aBH-
cumocts p = f(g;), Tak kak ko PuIMEnT eTEpMUHALIH
uMeeT Bbicokoe 3HaueHue (R? = 0,9854).

[Mony4yeHHbIe pe3ynbTaThl HCCIACHOBAHUNA MOTYT
OBITh HCIIOJIB30BAHbBI IPU COBEPIICHCTBOBAHUH TEXHOJIO-
IMYECKUX MPOILIECCOB M3TOTOBJICHHMS IAiid ¢ ocakuBae-
MBIMH TOPIIEBBIMH BBICTYIaMH, IIPH BBIOOpE 0OopymoBa-
HUS UL AX TITAMIIOBKH W TIPH MPOEKTHPOBAHUU TEXHO-
JIOTHYECKOT0 HHCTPYMEHTA.
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I1ai0BI C OCAKUBACMBIMH BHICTYIIAMH).

2. o pe3yapraTaM KOHEYHO-3JIEMEHTHOI'O MOJIEIH-
POBaHMsI C HCIOJIb30BAaHUEM IPOTPaMMHOTO KOMILIEKCa
«DEFORM-3D» ycTaHOBJIEHBI 3aKOHOMEPHOCTH M3MEHE-
HUSI YCWJIMH IITAaMIIOBKH BBICTYIA OCa)KMBAEMOH IIaiObI
B 3aBUCHMOCTH OT TIepeMeleHus myancoHa. [lomyuennsie
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Abstract. Friction joints with high-strength fasteners are widely used in construction, heavy machinery and air-
craft construction. The reliability and operability of structures with friction joints depends on the tightening force of the
fastener used. In the domestic industry, the tightening force is controlled either by the torque, which is measured using a
calibrated torque wrench, or by the angle of rotation of the nut at the final stage of tightening. The above-mentioned
methods of controlling the tightening force have increased labor intensity. Friction joints with control of the tightening
force of fasteners for deformation of individual elements are widely used abroad. In Japan and the USA, high-strength
bolts are used with the control of the tightening force on the twisting of the end element. Another effective way to con-
trol the tightening force of friction joints is to use a special washer with end-mounted protrusions that deform during
tightening. The tightening force is controlled by measuring the gap between the washers. The gap is measured during
the tightening of the fastener with a special probe. Using the finite element method based on the "DEFORM-3D" soft-
ware package, the modeling of the stamping process of the washer protrusion, which is deposited during tightening, is
performed. The mechanical properties of the material of the stamped workpiece (steel 35) were set from the database of
the software package, and the die tool (matrix and punch) they were considered as absolutely solid bodies. Based on the
results of the calculations performed, a graph of the dependence of the punching force F of the deposited protrusion of
the washer on the movement of the punch is constructed. To approximate the resulting curve F = f(Ah), a polynomial of
the 5th degree was used.

Keywords: friction joints, high-strength fasteners, bolt, nut, washer, fastener tightening force, modeling of the
stamping process, finite element method, stamping forces.
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