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INOKPAIIEHHA POBOTHU ITPUBOAIB I3 KYJIBKOBUMH
OBI'THHUMU MYOPTAMU

Kupunuenxo I. I'.!, Manamenko B. 0.2, IIpouenko B. 0.2, CoJory0 b. B.2
IXapKiBCBKHﬁ HALIOHAJTbHUII aBTOMOOJILHO-10POKHIH YHiBepcuTeT
’HaujonanbHuii yHiBepcuTeT «J/IbBiBChbKA MOJIiTEXHiKA»
3Xepconc1>lcm71 HALIOHAIbHMI TeXHIYHUIH yHiBepcuTeT

Anomauia. Y cmammi HagedeHO KOHCMPYKYILHI ma cunosi ocobausocmi KyabKogoi 002IHHO-
3anobixcuHoi Mygmu, Axa modce ephexmusHo 3acmoco8y8amucsa 8 KiHeMamuyHO-CULO8UX HPUBOOAX,
Wo nepedaioms HAGAHMANICEHHS MINbKU 8 OOHOMY HANPAMKY Ui 3an00i2aioms nepeeanmaiceHb pooo-
YUX OPEaHi8 MeXAHIYHUX Mawun. Bioomo, wo poauxosi 0b2iHHi Mygmu nepedaomsv HABAHMAICCHHS
BHACIOOK Mepms 3aKIUHEHUX POJIUKI8 MIdC NOBEPXHAMU 6e0yYUX MaA edeHUX niemy@m i nio wac 3Ha-
YHUX NePeBanmadiCetb MOICYMb NPOKOG3VEATNUCS, WO NPUBoOUms 00 ix cnpaybogysanis. Kynvkoei
002inui Myghmu nepedaiomsv pobOUi HABAHMANCEHHS 3AYENTEHHAM KYIbOK 3 POOOUUMU NOBEPXHAMU
niemMygm i momy 3HAUHi NePe8aHMANCEHHS He MOXCYMb BUKIUKAMU NPOKOB3YBAHHS e/leMeHMi8 npu-
6008, ajle iX 3HAUHI NePesaHMAaNCeHHs 30amHui CnpuduHumu micyesi oegpopmayii pooOYUX NOBEPXOHD
niemygm yu kyivox. OOHuUM i3 p038 'A3Ki6 OKpecieHoi npobaemu mModxce Oymu 3acmoCcy8ants KyabKo-
8UX 002THHO-3aN00INCHUX MYDM, CNPOMONCHUX ABMOMATNUYHO P03’ €OHYBAMU KIHEMAMUYHUL TAHYI02
nio uac nepesanmadcens. Ilpogedeni docnioxnceHHsA 3anponoHOB8aAHOI Mydmu nepexoHauso niomeep-
ounu me, wo po3pooaeHi KyIbKoGi 002IHHO-3aN00INCHT MyGmu MONCHA eQeKMUBHO 3ACTOCO8Y8ami
5K NPUCMPOT 0151 0OMENCYBAHMS BETUUUHU KPYMHO20 MOMEHMY 8 MEXAHIYHUX NPUBOOAX MAUUHOOYOY-
BAHHSL.

Knrouoei cnoea: mygpmu, 0b62inui mygmu, KyibKosi 3anobisncHi Myghmu, 3’ €OHAHHS NPUBOIIS.

Beryn naszax pi3HuX KOoH(]irypauiii Ta monoxxeHb. s
Huni akTyanmsHUM € po3mupeHHs (yHKITi OLTBIIOr0 PO3yMIHHS MPUHIUIY (YHKIIIFOBAaHHS
KiHEMaTUYHUX JIAHIIOTIB MEXaHIYHUX MPHBOJIB OUX TIPUCTPOIB HABEJACHO MpPOCTilN pobodi
3 KyJIBbKOBHMH CTICHiaJbHUMH OOTiHHHMH MYy(h- KOHCTPYKIIi1 OKpEMHUX BUPOOHHIUX My(]T.
TaMu, sIKi epeIaloTh KPYTHUI MOMEHT TUIBKH B
OJTHOMY HaNpsIMKy Ta YHEMO>KJIHUBJIIOIOTH 3ario- i
OiraHHs BiJ il MepeBaHTAXKEHb, OCKUJIbKA Ma€ 4

Micle MocTiiiHe 3a4eruieHHs B KiHEMaTHYHOMY
JAHIIIOTY, IO Tepeiae MOTPiOHUI KPyTHUH MO-
MEHT TUIBKH B OJJHOMY HAIIPSIMKY 3aBJISIKH TTOC-
TIHHOMY 3a4eruieHHI0 pOOOYNX KYJIBOK 3 PO0O-
YUM{ TOBEPXHSAMHM Ma3iB HiBMy(T. 3 ormsmy
Ha OKpecleHy HEeOoOXiJHICTh pPO3pobJeHO Ta
3allaTeHTOBAaHO KYJIBKOBY OOTiHHO-3aM001KHY r |6 \i
Myry. o

HoBa mydra aBTOMaru4Ho po3’€iHY€e KiHe-
MaTHYHUN JIAHIIOT MiJ] 9ac HEJOMYCTHMHUX Iie-
pEBaHTaXEHb.

Puc. 1. Mydta craprepis

KoncTpykuisi, mpuHuun poOOTH, eKIUIyaTa-
1ilHI NOKa3HUKH MogiOHNX My(T (puc. 1) OinbIr
TTOBHO OIHMCAHO B HAYKOBUX mparpix [ 1-4].

i 3HaYHUX POOOYMX HABAHTAKEHb TaKOXK
CTBOPEHO Ta 3alaTeHTOBAHO KOHCTPYKLII KyJib-
KOBUX OOTiHHMX MYQT, 110 (OKpemi) 300pakeHi
Ha puc. 2.

OCHOBHI KiHEMaTHYHO-KOHCTPYKTHBHI €KC-
IUTyaTaliiiHi BIAcTUBOCTI My(QT LBOTO KIacy
ommcaHo B pobotax [5-7].

AHaJi3 myOaixanii

OcHOBOI0O po3po0IeHHs] HOBOI KYJIbKOBOI 00-
riHHO-3a11001XKHOT My(DTH CTalmy BiZlOMi KYJIBKO-
Bi OOriHHI My{TH, CTBOpEHI Ta 3amaTeHTOBaHi
panimre. OkpeMi 3 HUX MIATBEPINIM CBOIO Ipa-
[E3aTHICTh Y MEXaHIYHUX npuBoAax. [lexinpka
poOOUYMX KOHCTPYKIH KYyJbKOBUX OOTITHHHX
My()T OCHOBaHI Ha TPHUHIMUIAX 3a4YeTUICHHS
onHiel uym OinmplIe KyJNBOK, PO3TALIOBAHUX Y
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Puc. 2. KynpkoBi oOTiHHI MyQTH
BHUCOKOBAaHT)XHUX MIIMHIB

Kpim Toro, Bimomi mparti, MpUCBSYEHI BUTO-
TOBJICHHIO KOHCTPYKIIii, IPUHIIUIIAM pOOOTH Ta
PO3B’sI3aHHIO 1HIIMX TEXHIYHHX 3a/1a4 KYJIbKO-
BUX OOTiHHUX My(]T, MmO iX MOXHa 3HAHTH B
crynisx [8—11 tomo]. [na 3’eqHanHa BepTH-
KaJIbHO PO3MIIIICHUX KIHIIB BaTiB BiJIOMI TaKOX
My(TH, Y SKUX BHUTOTOBJIEHI MOXWI Ma3u s
PyXy KynpkH, a00 Ha TOpPIIi BEIEHOTO Bala
HapizaeTbes TpH 1 OinbIe masis [ 12—15].

Merta if IOCTAaHOBKA 3aBIaAHHA

MeToro € po3po0JIeHHST HOBOI KYJIbKOBOT 00-
TiHHO-3aMmO0KHOT  My()TH 3  aBTOMATUYHUM
PO3’€IHAHHAM KiHEMATHYHOTO JIAHIFOTa Iif| 4ac
30UTBIICHHST [0 HEIONMYCTHMHX 3HAa4eHb PO0O-
YOro HABAaHTAKEHHS Ta WOro aBTOMATHYHOTO
3’€IHaHHAM 3a pOOOYHMX HABAHTAXKCHb.

JInst TOCSATHEHHS IIOCTaBJIEHOI METH Heo0-
X1JIHO OIHKCAaTH OCHOBHI OCOOJIMBOCTI BIIOMHX
3alaTeHTOBaHMX MY(T 1 MoJaTH po3polieHy
KOHCTPYKIIit0, IPUHIMIT POOOTH HOBOT KYJIbKO-
BO1 00TiHHO-3a1T001KHOT My TH.

Buxnag ocHOBHOro Mmatepiajy

3 ormsiny Ha oTpely B pO3IMIMpPEHH] QyHKIIH
KYJIbKOBHX OOT1HHUX MYQT, SIKi HE YHHSATH OIIO-
Py HepeBaHTaXCHHSM KiHEMAaTHYHHUX JIAHIIOT1B
MEXaHIYHUX NPHUBOAIB, 110 HEPENAIOTh KPYTHHUH
MOMEHT TUJIbKM B OJTHOMY HAamnpsIMKy HE BHACJi-
JIOK TepTs, a 3a JOTIOMOTOI0 3a4eIlJICHHS KyJbOK
13 poOOYMMHU NOBEPXHSIMHU Ma3iB miBMy(T, OyIo
BUTOTOBJICHO I 3allaTeHTOBAHO HOBY KYJIBKOBY
o0rinHo-3an00ikHy MydTy. KoHCcTpykmis 3
OCHOBHHUMH pO3MipaMu 1€l MypTH 300pakeHa
Ha puc. 3. Taka mydTa Hae 3MOry CyTTEBO MOK-

pallUTH OKa3HUK €()EKTUBHOCTI (PYHKIIIFOBAHHS
MEXaHIYHUX TPHUBOMIB YHACHIZOK HAaOYTTS Bax-
mmBoi (hYHKINT, a camMe aBTOMAaTHYHOTO PO3’€J-
HaHHS KIHI[IB TATOBOrO i BEAEHOrO BajiB TOI,
KOJIW poOOYMd KPYTHHH MOMEHT Beaydoi TMiB-
My(dTH HaOyne 3HaYHUX HeOaKaHUX I TEXHO-
JIOTIYHOTO TIPOIIECy 3HAYEHb.
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Puc. 3. 3ammareHroBana 0OriHHO-3a00KHA
MydTa

HoBa kynbkoBa 0OTiHHO-3amo0ikHA My(]Ta
Mae BeAydy miBMYy(PTy | i3 MOXWIUMH Ma3aMH
Ha 30BHILIHIN MOBEPXHi; OUIBII CKIaJHY BEACHY
niBMypTy 3, Ha TOPIX SKOI BUTOTOBJIEHI Bpi-
3aHi ma3u 00EPHEHOTo HAXMITY IO Ta3iB Bexydol
niBMy(TH. Y ma3ax po3TaloBaHO KYJIBKH 5, sKi
MiJ] 9ac BKOYYBAaHHS B Ta3W MIBMY(T 34iILIIO-
I0Th iX, 1 My(dTa mepenae KpyTHIi MOMEHTH [0
pobouoro mexaHismy. [l piBHOMIpHOTO 34eri-
JeHHs TBMY)T Mydra OCHalleHa YHOPHUM
KUTbIIEM 6, 10 HiATHCKAETHCS 10 KYJIbOK IpY-
JKUHOIO 7, SIKY BCTAHOBJICHO MIiX MiBMy(TOO 3
i o6oiimoro 2. [liBmydra 3 criupaerbest Ha BTYI-
Ky 8, yCTaHOBIIEHY Ha KiHII BeJieHOro Bajna 9, i
npyxuHo0 10 mpUTHCKAeThCA 10 (PPUKIIHHOT
noBepxHi BeaeHnoi mniBMypTm 3. Brynka 8§
3’elHaHa 3 KiHIEM Baja 9 3a JONOMOTOI0 JBOX
mroHoK 11, Mo yMOXIUBIIOE 1i 3MIIIEHHS i
Yyac TIepeBaHTAXKEHb 1 PO3’€JHAHHS CHUJIOBOTO
JIAHIIOTa CUCTEMH.

Jlj1s1 mOBHOTO PO3YyMiHHS pUC. 4 HAr0JIO0CUMO,
IO Ha MOYaTKy YBIMKHEHHS MyQTH ii KyJIbKH
MarTh mojoxenus D, A i B. Ilicns toro, sk
BeAyda miBMy(dTa MUTTEBO HaOWpae IIBUAKICTH
V=R, ne R— BiicTaHb MiX LEHTPOM 00ep-
TaHHS My(TH U IIEHTPOM Baru KyJbKH, OOriHHA
My(dTa nepexoauTs 10 pododoro crany C.

[lin niero npykuHU, MO Oyla TOMEPETHBO
CTHCHYTOI0, KYJbKH BKOYYIOThCS B Ia3U BEIY-
4oi miBMydTu. KymbKku 0 MOMEHTY BXOJKEHHSI
B 3a4CIUICHHS 13 JIBOIO MiBMY(TOIO 3a PiBHOMI-
PHOTO iX PyXy HPOXOJATh IUIAX —R? .



Bicuuk XHALLY, Bun. 109, 2025

IBC

Ipc

lBC

dx
2r

Puc. 4. TlonoeHHs KyJIbOK Ha MOYaTKy
BBIMKHEHHS

AJle 0YeBHIHO, 1[0 MOYATKOBE BiJHOCHE IIO-
JIOKEHHS KYIbOK 1 TMa3iB y MOMEHT BMHKaHHS
JIBUTYHA MOXXE OyTH pi3HMM. TUM caMUM MOXe
OyTH /Ba TPaHWYHHUX BiJPI3KU Yacy BMHKAHHS
mydtu. TobTo yac ii BMUKaHHS MOXe OyTH SIK
MaKCHUMaJbHUM, TakK 1 MiHiManbHUM. ['paHnuHi
MOJIO’KEHHS KYJIhOK IIO/O TMa3iB i€l miBMyQpTH
300paxkeHo Ha puc. 4, ne Touku 4, B, Ci D —
HEHTPU KynboK; [, Iy, [z — BEIUUUHH BiJl-
MOBITHUX BIAPI3KIB, SIKI Mae MPOUTH KOXHA
KyJlbka My(QTH 32 OJHAKOBHH 4Yac yBiIMKHEHHS.
Slkmo OpaTth 3a OCHOBY CHHXPOHHICTH PyXy
KYJIbOK, 3aBXIU OyJe IOCTaTHBO PpO3TISIATH
PyX OfHi€l 3 HUX.

Jns BU3HAYEHHsS KiHEMaTHYHHX HapaMeTpiB
HEOOX1IHO BU3HAYUTH IOJIOKEHHS KYJIbOK i3
Topus Beaydoi niBMydtu (puc. 5). Lle nae smory
PO3MIISIHYTH KYTOBI MapaMeTpu TpOIECy BMHU-
KaHHA My(PTH.

C B
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S<
2,
(Dmin “ y
B =
G 2

Puc. 5. Burnsz i3 Topus Bexydoi niBMyhTH

Ha puc. 5 Bugmo, mo nayry /,. KylbKa
npoiine 10 BMUKaHHA My(Tu B pasi ripmoro ii

poO3TalllyBaHHs IOAO0 Ma3iB MmBMy(QT 3a dYac
{oax » @ AYTA [ — TPOEKIIIST MiHIMAJIBHOTO LIJIS-
Xy, IO NPOXOAUTH KynbKa 3a 4dac 7 . . Llum
JyraM BiANOBINAIOTh KYTH Q. > @i, -
BHUJHO, 110 Ay3i [,, Bianosizae xyT B, a mysi
lpp —KyT 7.

3aneXHOCTI MK IIUMH KyTaMH TakKi:

Taxox

(Pmax :(pmin+(P;
21
¢=y-B=—-B;
z
_2m
z R’

Jle z — KUIBKICTh KyJhOK; R — pajiyc po3ramry-
BaHHS IIEHTPIB KYJIhOK Y MiBMy(Tax; r — pamuiyc
KyJbOK. bepyuu 1o ysaru, mo R >> r, MOXEMO
npunyctutu [,, ~r. Toxi

~
~

_ZDA
B_R

=

PisHuIg MiXX MakCUMaJIbHUM 1 MiHIMAJIbHUM
4acoM, 3a SIKMU KyJibKa 3 TOUYKU A mepeiae B
TOYKY B Taka:

_ 9 2n(z—r)R _2nR-rz
, , oRz '

JIOBXHHY TyT' MO’KHA 3allMCaTH TaK:
lpe =2rtgoL,

Je O.— KyT Haxwily mnaziB y miBMydrax. MiHi-
MaJbHUN KyT, KU Mpoiine KynbKa, Ta BUTpa-
YEHHUHN Yac:

(P _ lB_C ~ ana . _ (pmin _ 2r1g(x

R R  ©,  oR

MakcuManbHUA KyT 1 9ac pyxy KyJbKH LI0/I0
rasa BeAy4oi MiBMy(QTH TaKi:

_2rgo 2m r
(pmax R z R
_ 2zrtga+2nR -1z 2nR+rz(2tga—1)

Rz Rz ’

f - P 2nR +rz(2tgo —1)

max

o, o,Rz
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3po3yMiio, 10 HaBeAEHI IeOMETpUUHI Hapa-
metpi (R,7,z,0.) BIUIMBAIOTH HA 3MiHY BEJTMUMHH
MaKCHMAJIbHOTO ¥ MiHIMAIBHOTO Yacy BMHKAaHHSI
My$TH, a ii MIOHICTH 3aJI€KUTH Bil HABAHTAKEHD
OKpeMHX 4YacTHH. ToMy A7l 0OTiHHO-3armo01KHOT
My(hTH HEOOXiHO 3HATH TaKOXX MAaKCHMAaJbHO
JIOMTYCTUMHH KPYTHHH MOMEHT, 100 32 YMOBH
Horo 30LIbIIEHHS OO HeOaXkaHMX 3HAYEHb CHIIA
TEPTS MK JUCKaMHU 3aMo01KHOT YaCTUHH MY(TH
CTajla MEHIIIOIO 3a PYIIiiiHy cuny. PerymroBaHHS
NpaBWILHOTO (QYHKLiIOBaHHS (PpUKIIHOI Mapu
3MIHCHIOEThCS BEIMYMHOI0 CHIIM  3aTSTYBaHHS
Ppo60U0i IPYKUHHU.

BucHoBkH

OCHOBHI €JTleMEHTH OOTIHHOI YaCTHHH 3aIpo-
MMOHOBaHOI My(pTH TOAIOHI A0 BIIOMHUX KOHCTPY-
Kiiil. OCOOMMBICTIO PO3MIISIHYTOI B CTaTTI My(QTH
€ Te, 110 BOHA, KPiM OOTIHHUX BIACTHBOCTEH, Mae
TaKoXX 3amoODKHY YacTHHY W aBTOMATHIHO
po3’eaHye KiHEMAaTHIHHMHA JIAHIIOT Tijx dJac 30i-
JIbIIIEHHS HABAHTa)KEHb MTOHAJ JIOMYCTHMI.

Hoga my¢Ta Mae 0OCHOBHY BIIACTHBICTB, ITIO Pi-
3HUTH ii 3 BIJOMHMH, — BeZIcHa MBMy(Ta MiCTHTb
Tpu enemenTH. [lepimii i aApyruii enemeHTH 3’ €/
HaHI TBUHTAMH, a JAPYIUi — KUIBIIEBUM (DPUKILii-
HAM KOHTAaKTOM 13 TPETIM €JIEMEHTOM BEICHOI
MiBMY(TH, KU BCTAHOBJICHHUI Ha BEICHOMY BaTy
3a JIOTMIOMOIOI0 INIOHKKA Ta MiATPUMAHUN po0o-
YO0 TIPYKHUHOI0, 3a(hiKCOBAHOIO IMIAi00I0 Ta TBU-
HTOM 70 BeieHoro Bama. Poboda mpyxuHa mae
3MOT'Y PEryJIFOBaTH BEIMYMHH 3YCHIJIb TIEPCBaHTa-
JKeHb Y KIHEMAaTHYHOMY JIAHIIOTY.
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Improved Performance of Drives with Ball Over-
running Clutches

Abstract. Problem. The article presents the structur-
al and power features of a ball overrunning clutch,
which can be effectively used in kinematic-power
drives that transmit loads in only one direction and
prevent overloads of the working parts of mechanical
machines. It is known that roller overrunning
clutches transmit loads due to the friction of jammed
rollers between the surfaces of the driving and driven
half-couplings and during significant overloads can
slip, which leads to their operation. Goal. Ball over-
running clutches transmit working loads by engaging
the balls with the working surfaces of the half-
couplings and therefore significant overloads cannot
cause slipping of the drive elements, but their signifi-
cant overloads can cause local deformations of the
working surfaces of the half-couplings or balls. One
of the solutions to this problem may be the use of ball
overrunning clutches, which are capable of automat-
ically disconnecting the kinematic chain during over-
loads. The conducted studies of the proposed coupl-
ing convincingly confirmed that the developed ball
overrunning and safety couplings can be effectively
used as devices for limiting the magnitude of the
torque in mechanical drives of machine building.
Conclusions. The main elements of the overrunning
part of the proposed coupling are similar to known
designs. The main feature of the proposed coupling is
that, in addition to the overrunning properties, it also
has a safety part and automatically disconnects the
kinematic chain when the loads increase above the
permissible ones. A characteristic feature of the new
coupling is that the driven half-coupling consists of
three elements, the first and second elements are
connected by screws, and the second is connected by
annular frictional contact with the third element of
the driven half-coupling, which is installed on the
drive shaft using a key and supported by a working
spring, which is fixed by magnitude of the overload
forces in the kinematic chain.

Keywords: couplings, overrunning clutches, ball
safety clutches, drive connections.
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