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301bIIICHHS 3amacy MIIHOCTI p13b00BHUX 3’€JHAHb, IO
MPALIOOTh IPU 3MIHHUX HaBaHTAKESHHSIX

B ocranni wacu Mu 6adMMO 3pOCTaHHS IIIKaBOCTI KOHCTPYKTOPIB 0 PO3PaxXyHKIB Pi3bO0OBUX 3’€IHAHB,
IO TMPAIOKTh NPU 3MIHHUAX HAmNpyXeHHAX. Lle MOSICHIOEThCS THM, IO y OUIBIIOCTI MEXaHI3MIB, 30KpeMa
aBTOMOO1IeOyAiBHOT raiy3i, pi3b0OBI 3’€HaHHS NPALIOIOTh NPU 3MIHHUX HAINPYKEHHSX, alleé HEBIpPHO
BU3HAYEHUIT 3arac MIIIHOCTI pi3b00BHX 3’€IHAHB MPU3BOAUTH JI0 TIOJIOMOK Ta pyHHYBaHHS MeXaHi3MiB. Bunukae
HEOOXITHICTp B JOCJIKEHHI OULIBII TOYHHUX PO3PaxyHKOBHX (DOPMYJ JJIsi BHU3HAYCHHS 3aracy MillHOCTI
Ppi3b00BHX 3'€/IHAHB, 10 1 € pe3yJIbTATOM IEPEBIPOYHOTO PO3PAXYHKY.
Pi3b00Bi 3’€1HaHHS, 60T, HABAHTAMKEHHS, 3a1aC MII[HOCTI, HeCcy4a 3/IaTHICTh, HAIHICTH

IocTanoBka npo6aeMu. TeopeTHuHI JOCTIHPKEHHS MIITHOCTI PO3paxyHKIiB pi3bOOBUX
3’€IHaHb NOTPEOYIOTh BJOCKOHAJICHHS Y 3B’S3KY 13 3pOCTalOUMMH BHMOTaMHU HaJlilHOCTI Ta
Mpare31aTHOCTI A0 HUX.

IIpu po3paxyHKy TpaHUYHOrO poOOYOro HABAaHTAXKEHHA IO Ji€ Ha O0O0AT, sKe
3MIHIOETBCS 32 MYJBCYIOUMM ITMKJIOM IS 3aTSATHYTOTO Pi3hOOBOTO 3'€HAHHS HEOOXITHO
BU3HAUUTH YMOBHU BIJCYTHICTb PYyHHYBaHHA 1 BIJACYTHICTH PO3KPUTTS CTHKY, a TaKOX
BUSIBJIICHHS 3B'SI3KY MIXK 3aIlacoM MIITHOCT1 00JITa 1 BEJTMYMHOIO TTEPBUHHOI 3aTSKKH, SIKE MA€
BEJIMKE MPAKTHYHE 3HaueHHs. [IpaBunbHUl BUOIp BEMTWYHHM MMOYATKOBOI 3aTSHXKKH 32 THIIMX
pIBHUX yMOB 3a0e3nedye HaWBWINMKA 3amac MIIHOCTI, IO € YMOBOK HaAiitHOI poOoTH
3'eJHAHHSA.

AHai3 momepeaHix AoCaiIKeHb. AHaANI3 MOCTDKEHb Ta TEPEryis ITyOiKaiii
JO3BOJIUB 3pOOWTH BHCHOBOK, III0O OCHOBHA Maca pi3bOOBUX 3’€IHAHb BHUTOTOBISIETHCS 3
PI3HOMAHITHUX CTajlei, sSKi MalTh PI3HY TEKYyYiCTh Marepiaay 1 BiANOBIIHO MalOTh PIi3HI
koedimieHTH MminHocTi. B poGorax [1, 3] koedillieHTH MIITHOCTI MalOTh y3arajlbHEHUN
Burisa. llpuunHm pylHYBaHHS €JIEMEHTIB pi3bOM OONTOBUX 3’ €JHAHL IIOB’S3aHOTO 3
BIUTMBOM BiJHOIIEHHS BHCOTH TaliKu 10 JlaMeTpa TBUHTA Ta JiaMeTpa TBHHTA 0 KPOKY
pi3sOM gocmimkyBanacs B [2]. B Oiabpimocti BUMagkax, KOJW BHPOOHWYE HABAHTAKEHHS €
3MIHHUM, 3yCHJIJIS, IO JiI0Th y OOJNITOBOMY 3'€THAHHI 3MIHIOETHCS 32 ACUMETPHUYHUM IIHKIIOM
[4, 5]. Ane Ha TPAKTHUII YaCTO 3yCTPIYAIOTHCS BUIIAJKU, KOJM poOOYEe HABAHTAXKEHHS, 1110 JTi€
Ha OOJIT, 3MIHIOETHCS 3a MYJbCYIOUMM LIMKIJIOM i3 CEpeAHIM HANpy>KEHHSIM DPO3TATYBaHHS.
OnHUM 13 BaXJIMBUX €JIEMEHTIB B PO3paxyHKY € OUTbIII TOYHE BHU3HAYEHHS 3amacy MIITHOCTI
pi3p00BUX 3'€THAHB, IO € PE3YJIBTATOM MEPEBIPOTHOTO PO3PAXYHKY.

IloctanoBka 3aBaaHHsl. AHAJNITHYHE JOCHIDKEHHS PO3pPaxXyHKY  MIITHOCTI
3aTATHYTOTO pi3b00BOT0 3’ €THAHHS, 1110 MPALOE IPY 3MIHHIX HABAHTA)KECHHSX.

Pe3ysabTaTn BHpilIeHHs] OCHOBHHX 3aBlIaHb NMpodjeMu. MeTo]| BU3HAUCHHS CHII,
IO JIOTh Yy 3aTSATHYTOMY 3'enHaHHi, OyB HaBenmeHwii [1, 3, 4]. Y Bumaakax, koimm podode
HaBaHTaXEHHs F, € 3MIHHUM, 3yCHJUJIS, IO JiIOTh y OOJITOBOMY 3'€lHaHHI, 3MIHIOETHCS 32

ACUMETPUYHUM IIMKIOM (YMOBH, TMpH SKUX HaBiTh TPH 3MIHHOMY BHPOOHHUYOMY
HaBaHTAXXCHHI OOJIT MPAIIOE MiJ] II€0 MPAKTHYHO MOCTIHHOTO HABAHTAXKECHHS).
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B sixocTi mpukiagy po3risHEMO BUMNANOK, SKUH 4acTO 3yCTPIYalOThCS HA MPaKTHIIL,
KOJIM poOode HaBaHTAXEHHA F,, Jl€e Ha OONT, 3MIHIOEThCS 3a IyJbCYIOUMM LUKIOM 13
CepeHIM HaIpY>KCHHSIM DPO3TATYBaHHs. [lo3HauyMMoO HampyKeHHs B OOJTI, SIKE BIAMOBIIAE
pOOOYOMY HABAHTAKEHHIO Ye€Pe3 O , , MOKHA, NOCIIKYHOUH 3MIHU HANpPYKEHHs y OOITI B
3aJISKHOCTI Bl BEJIMYMHU pOOOYOr0 HABAHTAXKEHHS OTPUMATH (PYHKIII 3aBAaHTAKCHHS
O =@ (a p) 1o, =0, (o-p), 300paxkeHH1 Ha puc. 1.
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o 1
o m
45°
A O-min
|
bh Iya = Il ya. —
f 45°
] —

a; p
1-K

Pucynox 1 — @yHK1ii 3aBaHTaXEHHS
Loicepeno: pospobaeno agmopamu

IIpu nmoOynoBi KpuBOi Yepe3 o, MO3HAUEHO HAIPYKEHHS B OOJTI, 110 BUHUKAE il

JI€0 3yCWJUIA I0YaTKOBOIO 3aTsryBaHHA [, depes o O, 1 O, — BIINOBIIHO
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HaWO1IbIIe, HATMEHIIIE Ta CEPEeHE HANpyXeHHS mukty, K = BH3HAYa€ TAHTEHC KyTa

HaxWIy € JIiHil HaWOLIBIIMX HANpPyKEeHb LUKIY 10 oci abcuuc, ae Y, = —-— — koedimieHT

" E A
MOIATIIMBOCTI, SKUW XapakTepusye aedopmariito aeraini npu 1ii Ha Hei cuin. BpaxoByiouw,
10 B poOOYMX yMOBax Ha JeTaji cucremMu OonTa fi€ 3ycumis [, a Ha JeTall CUCTEMHU
samamemo: F, - Y Yi=F, - Y Yi+F,- Y Yi.
(6+n) (6) (n)
Takum ymHOM y OonTi Oyne BUHUKATH 3MiHHE HAMpYy>KEHHS, IO 3MIHIOETHCS IO
aCHMETPUYHOMY Y TIO3UTHBHOMY LMKy, NPUYOMY MiHIMaJbHI HampyXeHHs OyIyTh

IIPOKJIAJKYU — 3ycwiuis F,

n?

3

. ) F
JOpPIBHIOBAaTH HANpPYXKEHHIO BiJ 3aTATyBaHHA, TOOTO O, . = 1 ne A, — muoma
4
HAalMEHIIIOTO TOIEepPEYHOro Tepepidy Oosira, a MakCUMajbHE HampyxXeHHs Oyre
. . . F,
JOPIBHIOBaTHME HAIPY>KEHHIO BiJl CyMapHOIo 3yCWUId, IO Ji€ Ha 6oit, To0TO O, = A—ﬁ,

6

ne F,; BU3HA4Ya€ThCs 32 GOPMYJIIO0:
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F6=F3+Fp-()Yi=F3+FP-W. (1)
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DYi
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Ha pucynky 1 3 mouatky koopauHat npoBeaenuil npominb OC mig kytom 45° 1o oci

aocruc. Ilepetnn #oro 3 JiHIEID MaKCUMaJIbHUX HAIPYXEHb Ja€ TOYKy b, BiAmoBigHy
PO3KPUTTIO CTHKY, OCKUIBKA MaKCHMaJlbHE HaNpy>KEHHS B pPO3PaxyHKOBOMY mepepisi Oonra

JUI JAHOI TOYKH JOPIBHIOE HANpPYKEHHIO TIIBKU Bl p0OOYOro HaBaHTaKeHHs (O, =0, ).

(6+Vl 1+

[Ipu mopanpiioMy 30UTBIIEHHI POOOYOro HABAHTAXXEHHS I PIBHICTH 30€peKeThCs, TOOTO
MaKCUMaJIbHEe HAaIpy>KeHHS LUKy OyJe 3MIHIOBATUCS BIANOBIAHO 10 AinsgHku bC.

Takum yrHOM TOYKa b AiMUTH JHII0O MaKCHMAalbHUX HAIMpPYKeHb Ha 2 NUITHKHU. JIJis
nepmoi MiasHKY (AB) cTUK He PO3KpUTO, 1 MAaKCHMalbHE HAIMpPY>KEHHS IUKIY MOXe OyTH
BHU3HAYCHA 32 (HOPMYJIOIO:

O =03 +186-0p,=0,+K -0,. )

max

Hna npyroi minsaku (bC) ctuk poskpuruii 1 o, =0,. O4eBUIHO, MO IS MEKI
nepexojly BiA OJHIi€T AUMAHKHM 10 iHmIoi (Touka b) cmpaBemmuBi oOuaBa BUpasu A O

max 2

TOOTO MOKHA 3aITMCATH:

O =0;+K-0,=0. 3)
3BigKu
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Taxkum 94rHOM, MeKa TIEPIIOT TIJISTHKH BU3HAYAETHCS YMOBOIO
o
0<o,<—. (5)
1-K

SIK1o 3a7jaHa BeIMUYMHA POOOYOro HaBaHTAXXEHHS [y, , TO IiI0YH B PO3PaXyHKOBOMY
nepepisi 00aTa LUKJI HANpPY>KEHb BU3HAYAETHCS MEPETHHOM KPUBUX O, 1 O, OPIUHATOLO,

BIJITIOBIJTHOIO HAINPYXEHHIO O p,. 3amac MIIHOCTI JUId HepIIoi TUISTHKH, KOJU HanlOiIbIIe
Hanpy>XeHHsI UKy SIK JIF0YOro, TaK i TPaHMYHOTO HE BUXOJHUTH 3a TOUKY meperuny b,
BU3HAYAETHCS K BiTHOUICHHS
I
O-P

§=—, (6)

Op

e ag — HaMpy>KEeHHS BiJl TPAHUYHOTO pOOOYOr0 HABAHTAKCHHS,
O p, — HaIIpY>XEeHHS BiJ] IIF0Y0r0 poOOYOro HaBaHTAXKEHHS.
O4eBHUIHO, 110

Oru —C
/A /) 7 O max 3
. =0;+Ko, abo op,=—"2—=. (7)
K
Toni 3amac MIITHOCTI BU3HAYAETHCS 32 POPMYIIOHO
I
Opax — O
g = max 3 . (8)
K-op

JIiis 3HAXOJUKEHHs HaWOUIBIIOr0 HANpy>KEHHS MUKy o , JHI0Y0r0 B KOHKDETHiii

JieTai, CKOPUCTAEMOCS JlarpaMor0 HalpyXeHb TpaHMYHHX I[MKIiB. llpum po3paxyHkax
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3a3BUYall MPUIMaETbC HAMIIPOCTIIIA MPSMOJIiHIMHA 3aJIeXKHICTh, 300pakeHa Ha PUCYHKY 2 1
sKa BU3HAYA€ HANPYKEHHS TPAHUYHUX IUKJIIB JUIS AETaJCH.

L5 3anexHICTh Jja€ XOpOIIUK 30Ir 3 eKCIIepUMEHTAIbHUMH JaHUMHU U1 Py Mapok
CTajieil 3 BUCOKUM 3HAYEHHSIM MEX1 MIITHOCTI JUIsl CHPUX 1 KOBKHX YaBYHIB 1 JICIO 3aHMKCHI
3HAa4YEeHHs HaNpy>KeHb IPAaHUYHUX IUKIIB I CTalll M'SIKUX Ta CepPeIHbOI TBEPAOCTI.

i o

o

05 m

Pucynok 2 — Jliarpama rpaHUYHUX IIUKITIB
Loicepeno. pospobaeno asmopamu

[MpuiinsATy NiHIAHY 3aJ1€KHICTh MOXHA 3aIIMCATH B aHAJIITUYHOMY BHIJISAI, IO SIBIISIE
c00010 pIBHSIHHS MPSAMOI y Bipi3Kax HA OCSX:
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ITosHayemMo — - yepe3 i i BUPa3UMO aMILTITYly Ta CEPEIHE HATIPY/KEHHS LUKITY

o
B
yepe3 HalOIblle 1 HaliMeHIle Hampy>KeHHs M0 BiIOMUM GopMyliaM
I /I
;/ — _ max 3 i U; — _ max 3 ) (10)
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IMigcraBnstoun  w, o, 1 o, 710 Bupasy (9) 1 Bupimryroud Horo moao HalOLIBIIOrO

a

HAaIpy>KeHHs FPAaHUYHOTO LIUKITY, OTPUMAEMO:
I
o/ = 20, + ‘73(1 _W)

max (1 1)
I+y
Tomi BUpa3 ajisi BUBHAYCHHS 3amacy MIITHOCTI Ha0y/ie HACTYITHOTO BUTJISITY
2 "
S = (0—1—‘//03) . (12)
(1 + ‘//)K Opi

Ha npyriit pinsgHui 3'eqHaHHS PO3BaHTaKEHE BiJl MOYATKOBOI 3aTSHXKKH, MPH ILOMY

max
Op

/I
max

20" +0,(1-
§ = 0 0-3( l//) (13)
l+y
Takum uunom, orpumani Gopmynu (12) 1 (13) mis BuU3HAUEHHS 3amacy MIITHOCTI
Pi3600BHX 3'€/THAHB, IO € PE3YIHTATOM MEPEBIPOYHOTO PO3PAXYHKY.

MaemMo o, =0, 10, =0, =const. Togl s =

min

BpaxoByroun 3HaiiieHe paHilie 3HaYeHHsI O, , OCTATOYHO OTPUMAEMO:
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Ha ocHoBi oTpuManux (opMys Ha pUCYHKY 3 300pa)keHa KpuBa 3MiHU KOE(]illieHTY
3amacy MIIHOCTI § BiJ BEIMYMHHU 3yCHUIS 3aTSDKKH Ul Pi3bOOBOTO 3'€JHAHHS TOJIOBKU
HIaTyHa YOTHPUTAKTHOTO JTU3EIIS.
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Pucynox 3 — KpuBa 3aexHocCTI 3aracy MillHOCTI pi3b0OBOT0 3'€JHAaHHS T'OJIOBKH IIATyHA
YOTHPHUTAKTHOTO JAW3EIS Bl BETMUUHH TTOIIEPEIHBOT 3aTSKKI
Loicepeno. pospobaeno asmopamu

Amnaii3 KpuBOi OKa3ye, 110 31 3pOCTAHHAM 3aTSXKKU 30UTBIIYETHCS 3aMac MILHOCTI 710
MEeBHOTO 3Ha4YeHHS (Touka b Ha KpuBIi), a MOTIM 3MeHITyeThcs. BkasaHa kpuBa 103BOJISIE
BU3HAUUTH ONTHMAJIbHE 3HAYEHHS 3aTsKKU, PU K1l 3amac MIIHOCTI HpuiiMae HaiOinbIIe
3HaueHHs [6-7]. lle BiAmoBimae rpaHUYHOMY IMKITY, BU3HAYEHOMY MEXKEIO MepIioi 1 Ipyroi
IUISHOK, TOOTO Toukoro b. TakuM dYMHOM, TpaHWYHE HABAaHTAXEHHSA Ui 3aTATHYTOTO
pi3pOOBOTO 3'€THAHHS BU3HAYAETHCS JIBOMA YMOBAMH: BIACYTHICTIO pyWHYBaHHS 1
BIZICYTHICTb PO3KPHUTTS CTHKY.

Just Touku b maemo:
"o 20!, +o, (1_'//) O3

= 14
3B1JICH OIITUMAajIbHA BEIMYNHA 3aTSKKU
20" (1-K
;/ — O_—l ( ) , (1 5)
2 + K (1 - l//)
a BIATOBITHE 3HAYCHHS 3a1acy MIITHOCTI
2 /!
5= T (16)

[2‘//+K(1_V/)]'GP1

3 ¢popmynu (16) BUAHO, 110 MaKCUMaJIbHA BETMYMHA 3aI1acy MIIHOCTI 30UTBITY€E€ThCS 31
30UIBIIEHHIM MOJATIIMBOCTI AETANENH CUCTEMH 00JITA 1 31 3MEHIIIEHHSAM ITOIATINBOCTI JeTajaei
CUCTEMH TIPOKJIAJKH, TOOTO 31 3MEHIICHHIM BennyuHu K. BUsBIeHHS 3B'SI3Ky MiXK 3armacom
MIITHOCTI OONTa 1 BEIMYMHOIO TMEPBUHHOI 3aTsHKKU MAa€ BENUKE MpPaKTHYHE 3HAYCHHs, 00
MOXHa PO3YMHO BHOHMpPATH MOYATKOBY 3aTsDKKY, TIPH SKIA 3amac MIITHOCTI Ma€ HaWO1IbIe
3HaueHHs. TakuM YWHOM, TPABUIBHUI BUOIp BEIMYMHU TMOYATKOBOI 3aTSHXKKHU 3a IHIINX
pPIBHHX yMOB 3a0e3redye HaWBHUINMK 3amac MIIHOCTI, IO € YMOBOK HaaiiHOI poOOTH
3'e THAHHSA.
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BucHoBku:

1. Tlpu migBUINEHHI TOAATIMBOCTI JETajeil CUCTEeMH OoJTa NpPU OJHOYACHOMY
301IbIIEH] 3aTSXKKU BEJIe 10 3pOCTaHHS 3aaciB MIITHOCTI.

2. MoxuBICTh 30UTBIIEHHS TOJATIMBOCTI caMoro 0OJTa YW IIMUIBKH OOMEKEHaA.
ToMy moIibHE BKJIIOYEHHS 10 4YHCIa JAeTaleil cucreMu Oonta aeTaneid 3 OUIBIIOI0
MOJATJIMBICTIO MpPH CTHUCKY, HANpHUKIad MPYKUHHUX a0 1 Tak gaimi. BBeneHHs Takux
JeTanei 301UTbIye 3amac MIIHOCTI 3'€THAHHS.
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Increasing the Safety Margin of Threaded Connections Operating Under Variable
Loads

One of the most common types of plug-in connections are threaded connections. In any machine, unit,
the number of parts of threaded connections (bolts, studs, nuts, washers, etc.) is calculated by dozens and
hundreds of pieces. It follows from this that the issue of designing and calculating threaded connections is of
great importance in the design of machines and devices.

One of the most important elements of bolts and screws is the thread, which is the surface of the
protrusion formed during the helical movement of an arbitrary flat contour on the side surface of a cylinder or
cone.
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Threaded connections are widely used in various mechanisms (internal combustion engines, etc.
products). Their use is due to simplicity, high load-bearing capacity, reliability, as well as the convenience of
connecting and disconnecting parts.

The calculation of tightened threaded connections operating under alternating stresses is a check
calculation. Based on the simplified statement of the problem, the preliminary dimensions of the main elements
of the threaded connection are determined. Then the layout of the connecting node is carried out, and after the
design is fully determined, they begin to perform the verification calculation.

In recent times, we have seen an increase in the interest of designers in the calculations of threaded
connections operating under variable stresses. This is explained by the fact that in most mechanisms, in
particular in the automotive industry, threaded connections work under variable stresses, but an incorrectly
determined margin of strength of threaded connections leads to breakdowns and destruction of mechanisms.
Thus, there is a need to study more accurate calculation formulas for determining the margin of strength of
threaded connections, which is the result of a verification calculation.
threaded connections, bolt, load, margin of safety, bearing capacity, reliability
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