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3’e¢nHanb. A 3 Bupasy (13) MokHA OTpHMATH, IO E:O'S abo h=0,8d, mo Bigmosinae

BUcOTI raiok. Ile mo3Bosisse  BUTOTOBIATH  Pi3bOOBI  3’€AHAHHSA 13  3aJlaHUMH
XapaKTePUCTHUKAMU MIITHOCTI JJIs BiIMOBITHUX YMOB HaBaHTaKCHHSI.
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Calculation of the strength of threaded connections

The paper studies metric threaded connections which allow to calculate the coefficient of completeness
thread. This makes it possible to increase the strength of threaded connections and as a result increase the
reliability of the site and the car in general.

The calculations take into account that the force is distributed over the surface of the coil and attached
to the center of gravity of its working surface. This took into account the efforts that destroys the body bolt and
screw thread cut power and effort slice spiral nuts.

From these equations for cut turns the bolt and nut factor determined completeness thread. As a result
of the research were obtained conditions rivnomitsnosti rod bolt and nut thread. With relations for metric
standard thread and the same material bolt nuts and nut height determined which corresponds to the height
standard screws.
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Hedopmaiiii kaHaTiB y My@dTax BijJ HECHIBBICHOCTI 3
ypaxyBaHHSM 1X 3aKpITJICHHS

B crarti BUKOHAaHI TEOPETHYHI MOCHIIPKEHHS  BHIOBXKCHHA KaHATIB CIONYyYHHX MYy(T Bix
HECTIBBICHOCTI TO€AHAHUX BaliB. PO3rmsHyTe BUpIMICHHS 3a4adi A BHIAAKIB MIAPHIPHOTO Ta JKOPCTKOTO
3aKpIIUICHHS] KaHATIB y HamiBMy(pTax. BCTaHOBJICHO, IO JKOPCTKE 3aKPIIUICHHS KaHATIB CIPUYHHSIE IX
noaatkoBuil HaTsr. [TokazaHo, mo B My(drax 3 TaHreHIiaIbHUM PO3TallyBaHHIM KaHATIB IOJATKOBHI HATST TPH
X JKOPCTKOMY 3aKpIIUICHHI MEHIIMH HIX y My(Tax 3 KaHATaMH XOPAaJIbHOTO PO3TAIllyBaHHS.

My(Ta, KaHAT, PO3MOAiT, HABAHTAKEHHS, HeCMiBBiCHICTD, 3aKpinyeHHs
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Jedopmanuu kaHATOB B MyQTaX OT HECOOCHOCTH € Y4€TOM HX 3aKperJieHUs

B craThe BBINOIHEHBI TCOPCTUUECKHE MCCIICIOBAHUS YUIMHCHUS KAHATOB COCIUHHUTEIBHBIX MY(PT OT
HECOOCHOCTH COCJMHICMBIX BaJlOB. PaccMOTpEHO pelieHHe 3aiavyd IS CIydaB IIAPHIPHOTO U IKECTKOrO
3aKpeIUIeHHsT KaHATOB B TONTYMy(pTax. YCTaHOBJIEHO, YTO JKECTKOE 3aKpeIUicHHEe KaHATOB TPUBOIUT K WX
JIOTIOJTHUTEIILHOMY HaTshkeHHto. [loka3aHo, 4ro B My(Tax C TaHTCHIHAJIBHBIM DPACIIOIOKCHUEM KaHATOB
JIOTIOJTHUTEIIFHOE HATSHKCHHUE MPH UX KECTKOM 3aKPCIUICHWM MCHIIEC 4eM y My(T ¢ KaHaTaMH XOPJaIbHOTO
PACIIONIOKCHU .
mydTa, KaHaT, pacnpe/ejieHne, HAarpy3Ka, HeCOOCHOCTD, 3aKpeIieHue

IloctanoBka mnpoOaemu. CyuacHi TeHIAEHHII 10 MOOYAOBH PECypCOOLIaTHIX
TEXHOJIOT1M Ta MalluH, B TOMY YHCJl CUIBCHKOTOCTOMAPCHKHUX, BHUMArarTh PO3POOIICHHS
YTOUHEHUX METOJIB iX po3paxyHKiB. Lle crae MOXJIMBUM Ipu PO3pOOJIEHHI PO3PAXYHKOBUX
METOJIMK, 10 BpaxoBYIOTh [IHCHI YMOBHM poOOoTH o00’€kTa po3paxyHKiB. OcobauBo
aKTyaJIbHUMU Ta BaXXJIMBUMH BKa3aHi MpoOiIemMu € 11 My(PT NPUBO/IB, OCKUIBKH OLTBIIICTD 3
HUX € CKJIQJHUMH Ta KOIITOBHUMH €JIEMEHTaMH, 10 MalOTh HEOOTPYHTOBAHO 3aBHUIIEHI
3a1acy MII{HOCTI.

AHaJi3 BUKOHAHUX JIOCJTI/IKEHb Ta MOCTAHOBKA 3aBJaHHA. My(]Tu 3 KaHaTHHUMHU
NPY>KHUMH eneMeHTamu [1] MaloTh JOCTaHBO MPOCTY KOHCTPYKIIIO Ta MOPIBHSHO JCIIEBI 3a
paxyHOK 3aCTOCYBaHHS B SIKOCTI MpPYXHHUX JAETalel IMOIIMPEHUX EJIEMEHTIB — CTaJeBUX
kaHatiB. [{lum oOyMOBieHI iX TONOBHI TepeBard, MpoTe METOAU PO3PAXYHKY TaKuX MYy(T
HACBOTOJIHI JIOCHI/DKEHI HEJOCTAaTHRO. 30KpeMa Ma€ pe3epB s JIOCHIIKCHHS MPOIEC
nepeaaBaHHs My(QTamMu HaBaHTaXEHHS B YMOBaX HE CHIBBICHOCTI, 30KpeMa paaiayibHOI. Tomy
METOI0 J1aHOi POOOTH € OIIHKA BIUIMBY HECHIBBICHOCTI HamiBMy(dT Ha aedopmariii kaHaTiB
My®T 3 ypaxyBaHHSM X 3aKpIiTUICHHS.

Bukiag ocHoBHOro martepiaiy. bynoBa MydT, mo po3rismaTUMyTbes Y poOOTi
3po3yMiia 3 puc. 1. 32 OAHMM yTOYHEHHSIM, II0 KaHATH B HUX MOXXYTh PO3TAlllOBYBAaTHCS B
HamiBMy(drax xopnambHOo (0OMaBa KiHINI iX 3akpiluleHI Ha KOJi OJHOTO JiaMeTpy) Ta
TaHTCHIIAIbHO (KIHI[ 3aKPIiIUICH] Ha KOJIaX Pi3HUX JA1aMeTpiB).

Y.

Pucynok 1 — Mydra 3 kaHaTaMu XOpAITBHOTO PO3TAIyBaHHS

3a HasgBHOCTI pajiajibHOI HECHiBBICHOCTI A, kaHaTH My(}T OyIyTh MpauoBaTu y
HEPIBHUX YMOBAX, IPO 0 HAOYHO CBiTYaTh 30KpeMa JaHi puc. 2.
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a) 6)
Pucynok 2 — Cxema po0oTH My(T 3 TOPLEBOI YCTAaHOBKOIO KaHATIB XOPJAJIBHOTO () Ta TaHreHLiaIbHOTO (0)
pO3TanIyBaHHS B YMOBaX pajlialbHO{ HECIiBBICHOCTI

Jns obumcneHHs nedopmaiii kKaHaTiB My(T NpH IIApHIPHOMY IX 3aKkpillJieHHI Yy
HarmiBMy(Tax 3aCTOCYEMO aHAJIOTII0 — BBAKATUMEMO MY(TY CYKYITHICTIO YOTHPHUIIAPHIPHIX
MEXaHi3MiB 31 3MIHHOIO OBXXHHOIO JTaHKU AB. Ilpu oMy Beayuoro HamiBMYy(TOIO € JIaHKa
OA, Benenoro — nanka (1B, kaHatoM — JaHka AB, Biacranb OO; aleKBaTHA pajiaibHIN
HECHIBBICHOCTI 4.

3agady 0OYMCIICHHS JOBKUH KaHaTiB (JJaHOK AB) KOKHOrO MHUTTEBOIO MEXaHi3My
BHPILIYBAJIM METOJIOM 3aMKHEHUX BEKTOPHUX KOHTYDIB [2]. [I1is 3acTOCYBaHHS 1IbOTO METOIY
ySBUMO KIHEMaTHYHY CXEMY YOTHUPUIIAPHIPHOTO MEXaHi3My Yy BHIVISAI 3aMKHEHOTO
BEKTOpHOro KoHTypa AOO1B (puc. 3), [JIs IKOTO MOYKHA 3aIUCATH BEKTOPHE PIBHSIHHS:

Vi+V2=Vi+Vy, 1)
neVi=04- pazaiyc Beay4oi HamiBMydTH;
V, = L.; — IOBKMHA KaHaTa,
Vs = Ay — pajiianbHa HECIIBBICHICTB;
Vi=AB- pazniyc BeJJleHO1 HaIrliBMy () TH.
[Ticns npoekTyBaHHs piBHsAHHSA (1) HA OCI KOOPMHAT Ta MEPETBOPEHH OTPUMAEMO:
V, = \/(Vs +V, cosg,, -V, c0sg,,)’ +(V,sing,, —V;sing,,)° . (2)
Jl1s 3HaXOKEHHS KYTIB f,,; HAXWIY OCEil KaHaTiB /10 pajlyca BeleHOi HamiBMy(TH
OB BHUKOPHCTOBYBaJIM METOJ 3MiHIOBaHUX TpUKyTHUKIB [3]. [Ipu 1pomy, micist po3risay

TpukyTHUKIB OA101 Ta O141B1 (puc. 3) 3a paxyHOK 3aCTOCYBaHHS TEOPEMH KOCHHYCIB
OTpUMAITH:

2 2 2 2
cos B, = AB*+0OB” - A0 - 00" +240x 00, xcos g, . @3)
2ABx OB

Jlani BUKOHYBaJIM 3aCTOCYBaHHSI OTpPUMaHMX (OPMYJ JJii KOHKPETHUX KOHCTPYKIIIi
My®T 3 XOpJaJIbHUM Ta TAHTEHI[IaJIbHUM PO3TalllyBaHHIM KaHaTiB (puc. 4).
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Y

a) 0)
Pucynok 4 — Cxema 10 po3paxyHKy mapaMeTpiB My(hTH 3 KaHaTaMH XOpAanbHOTO (&) Ta TaHreHIiansHoTo (6)
pO3TalllyBaHHs B yMOBaX pajliaJibHOI HECIIBBICHOCTI

Jns Myt 3 KaHaTaMH XOPAAIBHOTO PO3TAIlyBaHHS OTPUMAHO BHpPA3U JUIS
OOYMCIICHHS MOBXXHHHM KaHATa, a TaKOX KYTOBHUX KOOPAMHAT TOYOK 3aKpIIUICHHS KaHATIB
(eHTpiB 3aTUCKHUX EJIEMEHTIB) Ha BeAy4ildl HAiBMYTI (4;) ¢sy;, Ta HA BelleHIH (B;) - @it

Lk‘l = \/[Ari + 0’ 5D3r§ (COS ¢)(;ui —CO0s ¢rmi)]2 + [O’ 5D36 (Sln ¢)gui - SIn ¢sqi)]2 1 (4)

2 A2

cos » — Lk‘i Ar +2D38AT Cos 68Ul ) (5)
2LKiD36'

0., == +arcsin =0 4 27 (1), (6)
2 D z

38
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T L, 27,
=——arcsin—=+—(i-1), 7
¢8Hl 2 Dgg Z ( ) ( )
L,
¢et¢i _¢8Hi = ZarCS"‘]DL " (8)

36

AHanoriyHo Juist MyQTH 3 KaHaTaMH TAHTCHI1aJIbHOTO PO3TALITYBaHHS:

L, =[A, +0,5D,, cosp,, —0,5D, cosg,, | +[0,5D,, sine

6Hi

-0,5D,,sing,, | 9)

— L/<i2 + O’ 25(D82H - D323) _Arz + DaeAr Cos q)gqi ,

cosp,, =
ﬂ“” chi D@H (10)
(pw.=£+arccos—0’5D“sm§+§+2—”(i—1), (11)
2 0 z
@, = Z tarc coso’5D3—gsmg+2—ﬂ(i -1), (12)
2 0 z
q)glli - ¢8Hi = 5 ! (13)

ne ¢ — KyT MOHTa)KHOTO 3MilieHHs HamiBMy T (puc. 4, 0).

Bimnik KyTOBHX KOOpAWHAT TYT BUKOHYETBHCS Bim oci X, IO JEKHUTh B IUIOMIHHI
pajiajgbHOTO 3MilleHHS HamiBMy(QT (IUIOIIMHA PaTiaIbHOTO 3MIIICHHS - TUIONIMHA B SIKii
JeKaTh 0Ci 000X MOEJIHAHMX HAMIBMY(T 32 HAsIBHOCTI MK HUMH pajiiaJbHOTO 3MIIllICHHS), a
BI/UIIK KYTiB MOBOpoTy My(hTH ¢, Big oci Y, mo Hel nepneHaukyispHoi. Ileprmm
TTOJIOYKEHHSIM KaHaTa BBa)KAJIM TaKe TOJIOKEHHS B IKOMY HOTO BiCh TapaJiebHa ITiii TUTOIIHHI,
a BIATAK KyT MOBOPOTY My(PTH B I[bOMY TMOJIO’KEHH] BBAYKAIH HYJIHOBUM.

BunosxeHHs kaHATIB MyQT 32 YMOBH ILIAPHIPHOTO 1X 3aKPIIUIEHHS MOXHA O0UHUCITUTH
3a (hopMyJIOIO:

ALKf = LKI' - LKO ' (14)

BpaxoBytoun Te, 10 11 060X BapiaHTiB MydT ¢, —¢,,. = const ((8) ta (13)), kytu

MOBOPOTIB KaHATIB Ta MIAPHIPIB MOKHA BU3HAYUTH 32 (HOPMYJIaMHU:

Aﬁmi = ﬁml - ﬁmi : (15)

LmrocTpartiero BIUIMBY KOHCTPYKTHBHUX TMapaMeTpiB My(pT Ha KyTH TOBOPOTY Ta
BUJIOBXKCHHS KaHATIB MPU IIAPHIPHOMY X 3aKpiIUIEHH] € BIAMOBIAHO puc. 5 Ta puc. 6. Bonu
MicTATh Tpadiku, mooyaoBaHi st Myt y sikux Z = 6, D, = 145 mm, Dy, = 95 MM nipu
pamiansHOMY 3MimeHHI Ay = 1,5 MM. OckiibkH KaHATH B MOJIENTFHUX My(Tax po3TamioBaHi 3
kpokoMm 60° (z = 6), To 3a rpadikamMu MOKHA TAKOK OI[IHMTH 3TajaHi MmapameTpH JUIsl BCiX
KaHaTiB MypTH.

6ui
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Pucynok 6 — I'padik 3MiHHM BUIOBKEHHS KaHATIB 32 OIMH 00epT My TH IIPH iX MIAPHIPHOMY 3aKpiIUICHH]
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Tenep po3risiHEMO BapiaHT, KOJM KaHATH y HamiBMy(Tax 3aKpiljeHi jKopcTko. Ix
nedopMariii 3HaiIeMo 3a paxyHOK aHaji3y HAOIMKEHOI pO3PaXyHKOBOI CXEeMH, MTOKa3aHOT Ha
puc. 7.

T~y 05d b

\
| 054
O5c A

Pucynok 7 — Cxema nedopmariii »OpCTKO 3aKpiIUICHUX KaHATIB

I1ig yac pobotu MydTH B yMOBaX pajiialbHOI HECIIIBBICHOCTI 32 paXyHOK ITOBOPOTY iX
KPIMMJIBHUX €JIEMEHTIB KaHATH JIOJaTKOBO BUTATYBATHMYTHCS, MIPU IILOMY MOYKHA 3aIlUCATH
HACTYITHI BUPa3H:

a=0,5d, sinAS,,, (16)
b=0,5d,,cosAS,,, a7
d=L,-2b, (18)
o d_L,-2b "
Cosp,  cosp; ’ (19)
a d, SinAS . d,, sinAg,.
t — — em ui o em wi ,
9Pi=050 "L -2b L —d_cosAp. (20)
3aMiHIOEMO cos S, L
T 21
3BiAKU:
c=(L,—d, cosAB, )1+tg*p, . (22)
PeaJ'ILHy JAOBKHWHY KaHaTa MOXHa OOYMCIINTH 3a (bOpMyJ'IOIO:
L, =c+d,, =(L,—d,, cosAB, )\1+tg’s +d,, . (23)
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BianoBigHO BUIOBXKEHHS KaHATIB B TAaKOMY BapiaHTI MOXXHA OOYHMCIHUTH 32
dbopmyIIOoIO:

ALKpi = pri - LKO ' (24)

Ha puc. 8 nokasani rpadiku 3MiHU BHIOBKEHHS KaHATIB 32 OJWH 00epT My(dTH npu
XKopcTkoMy (cyuinbHa JiHIS) Ta mapHipHOMY (NMyHKTHUpHA JiHIisA) iX 3akpimieHHi. JlaHi
HaBeJEHMUX rpadikiB T10BOJATH, IO JKOPCTKE 3aKPIIUICHHS KaHATIB CIIPUUMHSE iX JOJATKOBUI
HATAT 32 PaxyHOK «HaMOTYBaHHsS» Ha BTYJKH, IO MOKHAa BPAaxOBYBaTH IPH CHIOBOMY
pPO3paxyHKOBI My(T Ta CHONy4eHHUX HUMHU BaiiB. OCOOIMBO BAXKIMBUM € BpaxXyBaHHS i€l
JIOTATKOBOT BUTSKKH KaHATIB MPHU BEJIMKUX po3Mipax My(T Ta 3HaYCHHSIX HECIIBBICHOCTI, 110
MOX€E CTaTH NPUYMHOI0 BHMHUKHEHHS 3HAYHMX KYTIiB IOBOPOTY KaHAaTiB y Micuax ix
3aKpIIUICHHS Ta IOAATKOBUX HATSTIB KaHATa, a BIJITAK 1 CHJI, III0 HABAHTAXKYIOTh BAJIH.

4
2 T T T T T T T T 1.5
——— ‘KopcTKe 3aKpinIeHHs KAHATiB

15 N R R N

= = = — IllapHipHe 3aKpiNeHHS KAHATIB \
N Vs .

\ / N

&
th

30 60 90%120 150 180 210 240270 300 330 3060

. \ /
N /
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Bujposikennn kanara ALki

|
5
n

KyT1 moeopoty mydTH @, Tpai

a) 0)
Pucynok 8 — I'pacdik 3MiHH BHIOBKEHHS KaHATIB 3a OAMH 00epPT XOpAaIbHOT My TH IPH iX IIAPHIPHOMY Ta
YKOPCTKOMY 3aKpilieHHi: 3aranbauii Buj (a) Ta 30inpinenuit pparmenrt (6)

BucHoBKH. Y TiCYyMKYy BUKOHAHOT pOOOTH MOKHA 3pOOMTH HACTYITHI BUCHOBKH:

1. TlokazaHo, 1m0 3acTocyBaHHA MY(T 3 TOPIEBUMMH KaHaTaMU XOPAAJIHHOTO Ta
TAQHTEHIIaJTbHOTO PO3TallyBaHHS /Il CIOJYYECHHsI HECIIBBICHUX BaJiB B YMOBax HasBHOCTI
paaianbHOi PO3LEHTPOBKH CTAa€ MPUYMHOI0 HEPIBHOMIPHOTO HABAHTAXKEHHS IX HECY4YHX
KaHAaTIB,

2. BcraHoBiieHO, 10 32 YMOBH YKOPCTKOTO 3aKpIIUICHHS KaHaTiB 0€3 MOKJIMBOCTI
MOBOPOTY B HamiBMy(Tax BOHU HATATYIOTHCS BiJl HECIIBBICHOCTI CHJIBHINIE 3a pPaxyHOK
BIUIMBY JOAATKOBOTO HATATY 4Yepe3 «HAMOTYBaHHS» Ha BTYJKH. ToMmy, 3 TOYKH 30pYy
3HIDKEHHSI 3aBaHTA)XEHOCTI KaHATIB Ta CIHOJYyYEHHUX KaHATHUMU My(QTaMH BajiB MOXKHa
pPEKOMEH1yBaTH HIapHIpHE 3aKPIMJICHHs KaHATIB y HaIliBMy(Tax.

3. Ilokazano, mo My(Tu 3 KaHaTaMU TaHTE€HLIAJTBHOTO PO3TAIIyBAaHHS MAlOTh MEHIII
KyTH TIOBOPOTY KaHATIB HI’K My(TH 3 XOpJaJIbHUM PO3TAIlyBaHHSAM KaHATIB, IO € IPUUYNHOIO
MEHIIIOTO JOJATKOBOTO HATATY BiJl KHAMOTYBAHHS» HA BTYJIKH.

Cnig oaHaxk BIA3HAUMTH, IO PO3paXyHKOBAa CXE€Ma 3a pHC. [ XapaKTepU3yeThCS
HETOYHICTIO, TOB’S3aHOI0 13 TPEACTABJICHHSAM Yy Hii KaHaTa THYYKOK HHUTKOIO, BICH SKOI
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3laTHa TpPU 3TMHI HE YTBOPIOBATH pAJiyCHUX MAUITHOK Yepe3 CBOI HHU3bKY 3THHAIBHY
XKOpCTKicTh. lle mpumymieHHs Aemio 3aHIKye€ 3HAYEHHS JI0JJATKOBMX BHJIOBKEHb KaHATIB
My(dTH, TIPOTE JAEMIO HIBEIIOETHCS HASBHICTIO MAMATIMBOCTI y 1HIMUX aetaned mydru. Y
BCSIKOMY pa3i OUIbII TOYHI BIAMOBIAI Ha MUTaHHS PO3MOALTY HABAaHTAKEHHS MIXK €JIeMEHTaMU
My(TH TOBUHEH JaTH €KCIIEPUMEHT.

3 ormsiny Ha 1, HampsMKamMH MOJAJbIIUX TEOPETUYHUX Ta EKCHEPHUMEHTATbHHUX
MOUTYKiB MO’KHA PEKOMEH/IyBaTH HACTYIIHI:

1. HocmimpkenHs xkoedilieHTa KOPUCHOI aii My(pT 3 KaHATHUMH TPYKHUMH
enemMeHTaMu. TerutoBuaIeHHS B My(pTax Ta po3paxyHOK iX Ha HarpiBaHHS;

2. JlocmiJuKeHHS pO3MOALTY HaBaHTAXKEHHS MK KaHaTaMHM MY(T MU CIIOIyYeHH] He
CIIIBBICHUX BaJIiB;

3. JocnimkeHHs JOBroBIYHOCTI My(PT 3 KAaHATHUMH MPY>KHUMU €JIEMEHTaMHU.
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Deformation ropes in couplings of misalignment based on their consolidation

The work aimed of theoretical research rope extension of connecting coupling shafts misalignment to be
connected with regard to their consolidation.

It is shown that the ropes in the sleeve if unevenly loaded radial misalignment. To evaluate the
deformation of the rope misalignment applied method closed-loop vector and method changes triangles.
Settlement scheme for the coupling s chordal and tangential arrangement of ropes made up for their application.
Couplings in these settlement schemes are given to the articulated four-link mechanism with adjustable rod
length. The expressions for determining the instantaneous length of the rod, and therefore the instantaneous
value of rope elongation, as well as catch their turn in the fastening places. The effect of these parameters on the
basic design coupling parameter - mounting angle offsets, as well as a way to secure the ropes - tough and hinge.
The solution of the problem for the case of swivel and fixed ropes in the coupling parts. The graphs illustrate this
influence.

It was found that the rigid fastening of ropes leads to further tension. It is shown that the coupling with
the tangential arrangement of ropes additional tension in their rigid attachment less then than in couplings with
ropes chordal arrangement. It is shown that from the standpoint of reducing the loading of shafts to be connected
it is advisable to fix the ropes couplings hinged.
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