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O.lMlonoea. ModentoeaHHsi MOYHOCMI npouecy MexaHi4YHOi 06pPOobKuU 4Yepe’s4yHUX Kosic nepeday 3
yeHymum npodinem eumka yepe’sika / O.[lonoea // BicHuk THTY. — 2014. — Tom 73. — N2 1. — C.145-
152. — (MawuHobydyeaHHs, asmomMamu3ayisi eupobHuUymea ma npoyecu MexaHi4Hoi 06po6Ku).
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O. ITonoBa
Kiposoepaocvruil HayionaneHuii mexHiyHuil yHieepcumem

MOJEJIOBAHHS TOYHOCTI ITPOIECY MEXAHIYMHOI OBPOBKH
YEPB’AYHUX KOJIC IEPEJAY 3 YTHYTUM ITPO®IJIEM BUTKA
YEPB’SIKA

Pe3tome. Bnepuie meopemuuno 008e0eHO U eKCHNePUMEHMATIbHO NIOMEepOdiCceHO HeobXIOHIcmb ma
OoyineHicms nIOGUWEHHS MOYHOCMI MeXAHIYHOI 0OpOOKU Yeps’IUHUX KONIC WIAXOM 3ACMOCYBAHHS HOBUX
yeps’aunux ghpes i3 NOOLEHUM HA MPU YACMUHYU NO BUCOMI npoghinem iHcmpymenmanvHoi peliku. Becmanosneno,
Wo 0N NiOsUUeHHsT MOYHOCMI MeXaHIYHOI 0OpobKU Yeps’siuH020 Koleca Npoghinb iHCMPYMeHmAanvHoi peliKu
yeps’sIUHOI pesu HeoOXiOHO NOOUIUMU HA MPU YACMUHU NO SUCOmMI, A KilbKicmb 3y0yie ¢pesu noguHHa
Ooopignrweamu 12. Ompumano mamemamuyni MoOeni nNpoyecy MexaHiuHoi 006poOKu uepe suHux Koiuic
YUNIHOPUYHUX YepE TUHUX nepeday 3 YeHymum npoghinem gumxa uepe siKa.

Knrouoei crosa: mounicme 00podku, yepg’siuna ghpesa, uepg’siune Koneco, iHCmpyMeHmaivHa petika.

O. Popova

MODELING THE ACCURACY IN THE PROCESS OF MECHANICAL
TREATMENT OF WORM-WHEELS OF WORM GEARS WITH A
CONCAVE PROFILE OF THE WORM TURN

Summary. For the first time it was theoretically proved and experimentally confirmed the necessity and
expediency in increase of accuracy in mechanical treatment of worm-wheels using new worm hobs with a
divided in three parts according to the height profile of a tool rack. It was stated that in order to increase the
accuracy of mechanical treatment of a worm-wheel, the profile of a tool rack of a worm hob should be divided in
three parts according to the height and the quantity of teeth of the hob should equal 12. We received
mathematical models of the process of treatment of worm-wheels of cylindrical worm gears with concave profile
of a worm turn. The object of the research included geometrical characteristics of a worm-wheel such as
deviation of output circuit (left and right sides) of teeth of the worm-wheel F,, um,; deviation of pitch (left and
right sides) of teeth of the worm-wheel from nominal fp, um; accumulated error of a pitch (left and right sides)
Fp, um; radial runout F,, um; deviation in tooth profile of a worm-wheel (left and right sides) f;, um; diameter
of a wheel cave D, mm.

We disclosed positive dependence in the process of mechanical treatment of a worm-wheel on the
quantity of parts of profile division according to the height of tool rack of a worm hob N, which under other
equal conditions with the increase of N there is a redistribution of allowance between passes and a change in the
scheme of metal removal out of the caves between teeth of a wheel which is being cut. As a result the quantity of
passes of the hob n,, decreases which leads to a decrease in a wheel’s tooth cut and in deviation of output circuit
of the right and left sides of a tooth of a worm-wheel which increases the accuracy of treatment. Also we
disclosed a considerable influence of the quantity of teeth of the worm hob on the deviation of the output circuit
of a worm-wheel under mechanical treatment using tangential infeed. The increase of the number of racks
increases the quantity of cuts which allows improving the accuracy of treatment. Moreover, the increase in
number of racks leads to the increase of the coefficient of front overlap in machine engagement of a worm hob-
blank. This allows decreasing irregularity in cutting, dynamic loading and increasing the accuracy of treatment.
Due to the fact that the worm hob with a divided in three parts profile according to the height of a tool rack has
located on the same helix teeth for the first, second and third passes with equal diameter of caves and different
outer diameters, the treatment of a worm-wheel is carried out with one installation which improves the accuracy
in treatment.

Key words: accuracy in treatment, worm hob, worm-wheel, tool rack.

Beryn. Ilpu  po3poOiieHHI cydacHHMX MeTajopi3albHUX BepcTaTiB  mpolieMa
MIIBUIICHAS TOYHOCTI SK OKpEeMHX MeEXaHi3MIiB TakK 1 Bepcrara B I[UJIOMY OUIBII
3aroCTPIOETHCS, KOJM BHHHMKAE MOTpeda B IMiJBHINEHHI JIOBIOBIYHOCTI, HAaBAaHTAKYBAJIBHOI
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31aTHOCTI ¥ TOYHOCTI pOOOTH YepB’STYHOTO KoJieca 4YepB’sUHOI IMepenadi, sKka BXOAUTH Y
JIAHKH IIIX MEXaHi3MiB.

3acTocyBaHHS CcTaHIApTHUX 4epB’ ssaHUX ¢pe3 3a 'OCTom 9324 kmacy TounocTi AA
ta AAA 3 UigBUIICHMMH TaOapUTHHMH po3MipaMH Ha OOpoOIll dYepB’SMHOTO KoJeca
BiJI00OpakaeThCs HEraTUBHO, OCKUIBKH 30UIBIIEHHS JiaMeTpa 4epB’siaHO1 (pe3u MpHU3BOIUTH
JI0 30UTBIIEHHS MI?)KOCHOBOI BiJICTaH1 y BIAOBIIHOMY BepCTAaTHOMY 3a4eIUICHHI Ta CYTTEBOTO
ocl1abJIeHHs 3yOI[iB uepe3 OLIbIINK 00’ €M BHAAIIEHOIO METAIY.

3rigHo 3 pobororo [1] ycyHeHHs a00 YacTKOBE 3MCHINECHHS HETAaTHBHOI'O BILIMBY Ha
mmpoiiec 3y0000poOKu (hakTOpiB, MPUCYTHIX y CXeMI pi3aHHS 4YepB’ SUHMX (pe3 CTaHIAPTHOL
KOHCTPYKIIiT, MOXKJIUBE 3a PaXyHOK 301IBbIIEHHS KIJTLKOCTI CTPY)KKOBUX KaHABOK 1 peiiok. 1le
JIOCSATAEThCS MPH HE3MIHHOMY 30BHIIMHBOMY JiaMeTpi (pe3u 3MEHIIEHHSIM BUCOTH 3yOIiB
Ta PO3AUIEHHSAM Mpo(dilto peldku HOPMAIBHOTO MOYAaTKOBOTO KOHTYpPY IO BHCOTI MiX
(dpe3amu A1 ABOX MOCTIIOBHUX MPOXO/IIB.

Bimomuit 3y0oHapi3HHN 1HCTpYMEHT [1], IO CKJIaMaeThes 3 JBOX YepB’STYHHX (pe3,
VHACJIIJIOK HEOOXIHOCTI TepeHaIaro/pkeHHs 3yoodpesepHoro BepcraTa Ha pi3Hi MIXKOCHOBI
BiJICTaHi JJIS MEPIIOTO 1 JPYroro MpPOXOJiB Mae CYTTEBHM HEOMIK, IO 3MEHIIYE JOCSKHY
TOYHICTE 00pOoOKH. HeoOXiaHICTh TepeHaIaro/pKeHHS CYTTEBO 30UIBINYE TPYIOMICTKICTH
MPOIIeCy 1 BHOCHUTH IMMOXHOKH Y BiTHOCHE ITOJIOKEHHS IEePIIOi Ta APYyroi 4eps’ TIHUX (pe3, o
MOTIM BIUIMBAE HAa TOYHICTH 00POOIIIOBAHOIO 3y09YacToro Kojeca.

[IpomoHy€eThCS  CKOPUCTATHCSI  PO3AUICHHSM Tpodiar0 pedku  HOPMaIbHOTO
MMOYATKOBOTO KOHTYPY IO BHCOTI Ha TPW YAaCTHHH MK ()pe3aMu Ui TPHOX ITOCIHITOBHUX
npoxoais (puc.l). Ilpuyomy y ¢pe3u 11t mepioro npoxoay 3yOui BiAMOBIIAIOTE TPOQito
HDKKH 3YOIliB pelKr HOPMAaIhbHOTO IMOYAaTKOBOTO KOHTYpPY, a 3yOui (pe3u s TPeTboro
MPOXOJIy BIAMOBIIAIOTH TOJIOBIII 3YOIiB MPOo(]iIF0 HOPMAIBHOTO IOYATKOBOTO KOHTYPY.
Yepr’staHa ¢pe3a 3 MOJUICHEM TMpo(disieM 1O BUCOTI HAa TPU YACTHHH IHCTPYMEHTAIBHOI
pEefiKK OJTHOYACHO MICTUThH PO3TAIOBAaHI HA OJHIM TBUHTOBIM MOBEpXHI 3yOIli JJIs MEpIoro,
JPYTOTO Ta TPETHOTO MPOXOJIB 3 OJHAKOBHM JiaMETPOM 3allaJIdH Ta Pi3HUMHU 30BHIINIHIMA
niametpamu [2, 3, 4].

S, =482

b Gayzoza rpoxody

Judl nemwez Rpoxody

Pucynok 1. [Ipodins iHcTpyMeHTanbHOT peiiki HOBoT yepB’ staHoi ¢pe3n m=3 mm, d,=58,5 mm
Figure 1. The profile of a tool rack of a new worm hob m=3 mm, d,=58,5 mm

Meta poboru. IlifBuIeHHS TOYHOCTI MEXaHIYHOI OOPOOKH 4epB’STYHUX KOJIC IS
nepesad 3 YrHYTHM TpodigeM BHTKa 4YepB’sKa 3a paXyHOK BHKOPUCTAHHS KOHCTPYKIIii
4yepB’stuHOi (ppe3u 3 MOAUIEHUM [0 BUCOTI IPodieM IHCTPYMEHTAIBHOI PEHKH.

3aBaaHHsa  JocikeHHs.  Po3poOiieHHs — crmoco0y — TOMUICHHS — TpodiuTio
IHCTpyMEHTaJIbHOI peiiKu dYepB’siuHOi (pe3n Ta BU3HAYEHHS pallioHAJbHUX MapaMeTpiB
IHCTpYMEHTa; pOo3pO0JICHHS MaTeMaTHIHOT MOJIEI MPOIIeCy MeXaHIdHOI 0OPOOKH YepB’ ITHUX
KOJiC INIHAPUYHUX YepB’sIMHUX IMepefad 3 YrHyTHM [podileM BUTKa YepB sKa;
eKCIIepUMEHTaIbHA TIepeBipKa Ipare3/1aTHOCTI 3aIPOTIOHOBAaHOI KOHCTPYKIIii iIHCTpYMEHTA.

PesyabTaTn mocaikeHb. 3 METOIO JOCTIDKEHHS TOYHOCTI IPOIECY MEeXaHIYHOl
00pOOKH YepB’SIYHUX KOJIIC MUTIHAPUIHAX YepB’ TYHUX Tepead 3 YTHYTHM MpodiieM BUTKa
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YyepB’sika rependayvanocs: BUKOHAHHS €KCIIEPUMEHTIB B YMOBAaxX MOJEIOBAHHS Ipollecy Ha
3arotoBkax i3 Opon3u OS5SCSIS. Pesymbrarom mociikeHHS OyauM MaTeMaTH9IHI MO
JTAHUX XapaKTePUCTHK, SIKi 3yMOBITIOIOTh Oarato(akTopHuil 3B’ 430K 3 pekuMamMu 00poOKH, a
TaKOXX 3 TEOMETPUYHHMH TapamMeTpamMH 4YepB’suHOI (pe3u, 30KpemMa 3 TeOMETPHUHUMHU
napaMeTpamMu 00poOJIEHOro YepB’ IYHOTO KOJIECa.

O0’eKTOM JIOCHIDKCHHS OylIM TaKi TEOMETPHYHI XapaKTEPUCTUKHA YepB’ ITHOTO
KoJjieca: BIJIXHWJICHHS BHXIJIHOTO KOHTYpY (JiBOi Ta MpaBoi CTOPOHHU) 3yOLiB YepB’sIMHOTO
koJeca F,, MKM; BIAXHJIEHHS KPOKY (JIiBOi Ta IpaBOi CTOPOHHU) 3YOIliB YepB’ SUHOTO KoJieca
BiJl HOMIHANY fp;, MKM; HakolM4YeHa MOXMOKa KpOKy (JIiBOi Ta mpaBoi cTOpoHU) Fp, MKM;
pamianeHe OWTTS F),, MKM; BiIXHJICHHS Mpoditro 3yda 4epB’TIHOro Kojeca (JTiBoi Ta mpaBoi
CTOPOHN) f;, MKM; JlaMeTp BIAJAUHU Kosieca Dy, MM.

Ha migcraBi ampiopHoi iH(popmamii Oyino BuOpaHO Tpu (akTopH, sKi ITOBHHHI
BIJIMBATH HA MPOLEC HApi3yBaHHS YepB’ TYHUX KOJIIC: KUTBKICTh YaCTHH MOAUICHHS MPoQiIto
IHCTpYMEHTAIIbHOT peiiku uepB’suHoi (pe3n N, T, KUTBKICTh 3yOIiB Z, INT; KiTBKICTH
MpOXOAiB 4epB’siuHOi (pe3u mpu oOpolill YepB’SYHOrO Kojieca METOJ0M TaHTEHI[iabHOL
Hoja4i A,y, KUIBKICTh IPOXOIB.

Taoauus 1
ManI/ILUI IIaHyBaHHS CKCIICPUMCHTY

Po6oua marpuus (naan 2°//8)

Daxropu N, z, n,, F, , MKM S e » MKM F,, MKM £ MKM
mT | mT

(OcHoBHMit piBeHb ( X ) 2 9 2

< < < < < < < <
[utepsan sapirosanns (AX ;) 1 3 1 g % 3 5 g % 3 % g 5 2 % F,, MKM g 5 3 % Dy, MM

— 22| 82l Ef el 8285 8 2 a 8 &

[Bepxniii piBenb (X, =+ 1) 3 12 3 = 8 = 8 = © = 8 = 9 = S =8 =]

Q Q Q Q Q Q Q Q

Hinkniii piBens (X, =- 1) 1 6 1
Kox X X, X3 i Y Y3 V4 Vs Ve Y7 Vs Yo 1o

L[ 3 T2 348 [ 545 [ 29 [ 26 | 186 | 197 | 230 [ 1.344 | 1366 | 124,223

2 | 1 [ 123 | 525 [ 615 | 22 | 24 | 205 | 264 | 235 | 1531 | 1,532 |123.507

B 3 | 3 |6 | 3 | 493 | 525 | 32 | 28 | 189 | 200 | 249 | 1,352 | 1.368 |124.223

5 4 | 1 [ 6 3] 530 [ 625 [ 24 | 24 | 159 | 233 | 220 | 1.477 | 1.479 [123.597

< 5 | 3 [ 12| 1 | 42 [ 527 | 15 | 23 | 16l | 165 | 195 | 1144 | 1.145 |123.933

< 6 |t [ 12| 1 | 531 | 625 | 24 | 22 | 147 | 231 | 134 | 1455 | 1455 |122.497

C 7 | 3 [ 6 | 1 | 43 | 547 [ 20 | 20 | 165 | 177 | 196 | 1.044 | 1.45 |123.997

8 | 1 | 6 | 1 | 534 | 627 | 26 | 24 | 149 | 233 | 134 | 1.465 | 1459 |122.507

0 I 2179121439 | 553 | 205 | 20.5 [202.25] 263 | 201,75 | 1.1405 [ 1.13725[121,1325

[ e [ L [0 0] 0 [ 438552 20 [ 21 | 203 261 | 200 | 1137 | 1.136 | 121,131
Jlocimit| g 2 275170 [ 0 | 0 | 441 | 555 | 20 | 21 | 200 | 265 | 204 | 1142 | L.I36 | 121,135
e |2 2g 3 | 0 [0 [0 [ 439 ["551 [ 21 | 20 | 200 [ 7265 | 200 | 1,144 | 1,139 [ 121,133
Y| a4 oo [0 [ 438 | 554 | 20 | 20 | 204 | 261 | 203 | 1.139 | 1,138 | 121,131

v | 439 | 553 | 205 [ 205 [202.25] 263 |201.75] 1.1405 | 1.13725[121,1325

< |2 13.3333[0.3333[0.3333[2.9166[5.3333| 4.25 | 9.67E- | 2.25E- |3.67E-06

s_[1.41421]1.8257]0.5773]0.5773] 1.7078]2.30942.06155[0,00311] 0.0015 [0,00192

[ami mapamerpu mnpouecy Oyiau 3adikcoBaHi Ha TaKUX MOCTIHHMX —PIBHSX:

; o . ; . -1,
TaHTEHITIATLHAN MeTOJT 00poOKH; pexumu pizanss: V=30 um/xe, S,,=1,7 mm/06, n=160 x¢ ";
3yoodpesepnuit Bepcrat SK32A.

VY  pe3ynbraTi eKCIEPUMEHTATbHUX JIOCT/UKEHb Ta BHMIPIOBAaHHS OTPHMAHO
MaTeMaTH4HI MOJeNli MpoIlecy MeXaHIYHOi OOpOOKHM 4YepB’SYHUX KOJIiC IMIIHIPUIHUAX
4yepB’ TYHUX TTepeiad 3 YTHYTHM IpodijeM BUTKa YepB’ska (Tadm.2) [5].

Taoaunsa 2
MaremaTHuHi MOJIEII MPOIIeCy MEXaHIdHOI 0OPOOKH YepB’ ITHUX KOJIIC
HWTHIPAYHAX YepB’ TYHUX Mepe/iad 3 yTHYTHM Mpo(ijeM BUTKA YepB’sKa
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No MacumraéHi

- MartemMaTu4yHa MojaeJb CcHiBBiTHOILIEHHS

MoaeJti .
¢akTopis
1 2 3
1 FM,-3=495-35)C]+]6, 75x1x3+ 14,25 x3-3,25x2+ 1, 5x1x0x3-1,25% %>
2 Fanp03:597,5-43,5XJ +6X1X2X3+4)C2)C3-2X3-I,5X2+I,5X]X2
3 fptﬂi3:24+3, 75X]X3+2, 75)63-1,5)62-0,5)61)62
x;=1(X;-2);
4 SPmpae=23,875+1,625x3+1,125xx3-0,875 x1x2%3
5 Fp,,,'@:] 70, 125+ ]4, 625)C3-6,375)C1)C2+6, 125X2)C3-5,875)C1)C2X3
x2 =0,333333(X>
- _9);
6 Fpnpag=2]2,5_27, 75x;+11x3-5,5%x3+5,25xx3-3x1X0x3+2, 75% 1X3
F,=199,125+34,375x3+18,375x;-12,375x1x3-4,375x 1x>-
7 4,]25XJ)C2)C3
Jpie=1,3765-0,1055x1+0,0495x3+0,0275xx3+0,0195xx3-
8 20,019x1x2-0,00799999x;
Jpas=0,38113-0,100125x;+0,055125x3+0,030875x 1x3+
9 +0,019375x2x5-0,018875x1x2-0,006625%x X3 =1(X3-2)
10 D=123,583+0,511x;+0,327x3-0,198xx3-
0,0205002x,+0,0205002x5x3+0,00449944x ;x>
BcranoBiieHo, 10  BiAXWJICHHS BHUXIJHOTO KOHTYPY YeEpB’SYHOTO  KoJjeca,

00pobieHoro gppe3oro 3 MOJUIEHUM Ha TPH YaCTUHH MO BUCOTI MpodijeM iHCTpyMEeHTaIbHOT
peiikn, oOpoOJIeHOro 3a OJWH MPOXiJ METOJOM TaHTeHIiaapHOi mojgawi B 1,1...1,26 pasa
MEHINe, HiK BIAXWJICHHS BUXITHOTO KOHTYPY YepB’sIMHOro KoJjieca, 0OpoOJIEHOro 1HIIUMHU
4yepB’ TYHUMH Ppe3amu (puc.2, puc.3).
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Pucynok 2. BinxuneHHs BUXiTHOTO KOHTYPY Y€pB’sIMHOTO KoJieca JIiBOT CTOPOHU Fy e, MKM: @ — CTYIiHb BIUTUBY
3MiHHUX (akTopiB; 6 — 3anekKHiCTh Fy BiO N Ta 1,y (Z=12), 1 — n,=1; 2 — n,,=2; 3 — n,,,=3 npoxoau

Figure 2. Deviation of the output circuit of a worm-wheel of the left side F., um: a — degree of influence of
variable factors; b — dependence of Fy on N and ny,, (Z=12), 1 — ny=1; 2 — nyy=2; 3 — n,,;=3 passes

1.0 650
MKM

600

550

S
Fanpas N3

-N | NZn,, Zn“pl -n, | 7 | NZ 5000 ; ) I
N

a 0
Pucynok 3. BinxuieHHs BUXiJHOTO KOHTYDY 9€pPB’TYHOTO KOJIECA MPABOI CTOPOHU Fyypqe, MKM: @ — CTYHiHB
BIUIUBY 3MiHHMX (DaKTOPiB; O — 3aNE€XKHICTb Foyppae BiA N Ta Z (nyp=1); 1 — Z=6; 2 — Z=9; 3 - Z=12 mr

Figure 3. Deviation of the output circuit of a worm-wheel of the right side Fygns, pm: a — degree of influence of
variable factors; b — dependence of Fyigne 0n N and Z (np,=1) ; 1 — Z=6; 2 — Z=9; 3 — Z=12 pieces

BusiBileHO CyTTeBHI HETaTUBHUU BIUIMB KIUIBKOCTI IPOXOJIB dYepB’SYHOI (pe3u Ha
BIIXUJICHHS KPOKY 3yOIB YepB’sIMHOTO KoJieca JiBOi CTOPOHM HpU MeXaHiuHii o0pobii
METOJIOM TaHTeHIiaTbHOI Tojiavi. [IeBHUI HayKOBHI Ta MPaKTUYHHUU iHTEpec SABJsE cOO0IO
MexaHiyHa o0poOka (puc.40, kpuBa 1), mpu sIKif 13 MiABUIIEHHSM KUIBKOCTI YacTHH
MTOJIUIEHHST TI0 BHUCOTI MPO(MUI0 IHCTPYMEHTAIBHOI PEHKH dYepB’sTIHOI (Dpe3d BiIXUIICHHS
KpOKY 3y0iB 4epB’STYHOTO KoJieca JIiBOT CTOPOHHU fpy;;s 3ATTUINAETHCS TIOCTIHHOIO.

30

MKM 3

Srue
20

Pucynok 4. BinxuieHHs! KpoKy 3y0iB 4epB’sSITHOTO KOJIeca JIiBOT CTOPOHH fpy;js, MKM : @ — CTYIHB BIUTUBY
3MiHHUX (DaKTOPIB; 6 — 3aNEKHICTh [Py BiL N Ta Ny (Z=12); 1 — nyp=1; 2 — n,,=2; 3 — n,,,=3 Npoxona

Figure 4. Deviation in teeth pitch of a orm-wheel of the left side fpycq, Lm: a — degree of influence of variable
factors; b — dependence of fpyer on N and ng, (Z=12); 1 — ngp=1; 2 — nyy=2; 3 — ny,=3 passes
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BceranoBieHo, 1mo BiIXwWiIeHHsS KpOKy 3y0OiB UepB’sSUHOTO KoJieca, 00OpoOJIeHOro
(pe30ro 3 MOAIIEHUM Ha TPU YaCTHHU MO BUCOTI MPOdiJIeM iHCTPYMEHTATLHOT peKH 3a OJTHH
MPOXiJ METOJOM TaHTeHIiadpbHOI moaadi, B 1,3...2,1 pa3za MeHIIe, HIX BIIXHJICHHS KPOKY
3y0iB YepB’TYHOTO KoJjeca, 0OpoOIeHOro IHITMMHU YepB’ SUHUMHU (hpe3amH.

BcranoriieHo, Mo HaKONMWYeHA MOXHOKAa KPOKY YepB’sSIIHOTO Kojieca JIiBOI CTOPOHU
Fpus, 00poOsIeHOTO (pe3or0 3 MOJAUIEHMM Ha TpU YacTUHM 10 BHUCOTI mpodizem
IHCTPYMEHTAIILHOT PeWKH 3a OJIMH MPOXiJ METOJOM TaHTeHIliadpHOI mogadi B 1,1...1,2 pasa
MEHIIIe, HiXkK F),;, 4epB’IYHOT0 Kojleca, 00poOIeHOr0 HIMMMU YepB’ IYHUMU (ppe3aMu (puc.S).

BusiBneno cyrreBuil BB B3aemofii ¢axropiB (N n,,) Ha HAKONUYEHY HOXUOKY
KpPOKYy 4epB’s4HOro Kojieca F), mpu MexaHI4HId oOpoOLl METOJOM TaHIeHLIAIbHOI MOoAadi.
[Tpuaomy, i3 TiABUINEHHSM KITBKOCTI YaCTHH MOMIICHHS MPO(iIt0 IHCTPYMEHTATBHOT peiikn
CIIOCTepiraeThcss 3MEHINCHHS HAKONMMUYeHOI MOXMOKHM KpOKYy uepB’sSYHOro Kojeca F),
BOJJHOYAC TIPH 3MEHIIEHH] KIIBKOCTI IPOXO/IB jyp.
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Pucynok 5. HakonnieHa noxnbka KpoKy YepB’sYHOTO KoJeca JiBOi CTOPOHU Fyj,, MKM.' @ — CTYMiHb BIUTUBY
3MiHHUX (AKTOPiB; 6 — 3ANEKHICTD F),,; Bil 1y, Ta N (Z=12); 1 — N=1; 2 — N=2; 3 — N=3 4acTHH IOJiJIleHHs
mpo¢io

Figure 5. Accumulated error in the pitch of a worm-wheel of the left side Fyjer, pm: a — degree of influence of
variable factors; b — dependence of F on ny, and N (Z=12); 1 — N=1; 2 — N=2; 3 — N=3 parts of profile
division

Bcranosieno, mo pagianibHe OUTTs F, 4epB’siYHOTO KoJieca, 00pobaeHoro ¢pe3oro 3
ITOJIUJIEHAM Ha TPH YaCTHHHM I10 BHCOTI MpodijeM iHCTPYMEHTAIBHOI pelKH 3a OJUH TPOXiJ
METOJIOM TaHTeHIlianbHOI momaui, B 1,13...1,27 pa3a meHie, HiX F, 4epB’sMHOTO KoJjeca
00poOJICHOTO 1HIUMH YepB’ TYHUMH (Pppe3amu.

BceranoBiieHo, 1mo BigxuieHHs NMpodimo 3yb6a depB’sYHOro Koseca fr, 00pobiIeHoro
(G pe30to 3 MOJIJICHUM Ha TPH YAaCTHHU 110 BUCOTI MPOQiieM iIHCTPYMEHTAILHOI PEHKH 3a OJMH
IPOXiJl METOJOM TaHreHuianpHOI mojaui, B 1,15...1,3 pa3a MmeHme, HiX f; 4epB’IIHOTO
KoJieca, 00po0JIEHOTO IHIIMMU YepB’ TYHUMHU (pe3aMu.

BusiBileHO He CyTTEBHI HETaTWBHHU BIUTMB KUTBKOCTI YaCTHH MOJIIJICHHS MPOMLTIO 110
BUCOTI 1HCTPYMEHTAJIBHOI peiiku uepB’suHoi (pe3r N Ha JiaMeTp BIAJUHH YepB’SIUHOTO
Kosieca Dy ipyu MeXaHi4Hi# 0OpoOLi METOJOM TaHTeHIIAILHOI 10/1adi, TOMy 10 3HaueHHs Dy
BXOJIUTH Y MEXi JIOMYCKY, SIKE 3a/IaHO KPECICHHSIM.

Yepr’stara (pesa 3 MOAUICHAM 110 BHCOTI TpodieM IHCTPYMEHTAIBHOI PEHKH Tepe
moyaTKoM o00poOkM Ha 3yOodpe3epHOMY BepcTaTi BCTAHOBIIOETHCS Ha MIKIIEHTPOBY
Bijictanb. Ilpm mOCTiiHIN OCHOBIH Toma4i YepB’STYHOI (pe3n MPOBOIAMTHCS ITOCTIIOBHA
00poOKa 3aroTOBKH YepB’IYHOTO KoJjieca 3yOIsIMH IMEPIIOro, APYroro Ta TPEThOro MpOXOIy.
O0poOKa 3yOIsIMH MEPIIIOTO MPOXOTY 3MIUCHIOETHCS BiJl MOMEHTY JIOTHKY JIO 0OpOOITIOBaHO1
3aroTOBKH 3a0ipHOTO KOHYycCa J0 BUXOJY IMX 3YOIIiB i3 KOHTAKTy 3 3arOTOBKOIO YepB’SIMHOTO
kojeca. Ilpm 1mpoMy 3yOIi MEpmoro Mmpoxojy OOpOOJSIOTE BEPXHIO TPETHHY BiJl BUCOTH
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3yO1s yepB’ s;uHOro Kojieca. OOpoOKa 3yOIssMU APYroro Npoxoay 3A1HCHIOETHCS BiI MOMEHTY
JOTHKY JTO 0OpOOJIFOBAHOT 3aroTOBKH IUX 3YOINB IO BUXOJMY IX 3 KOHTAKTY i3 3arOTOBKOO
yepB’staHoro Kojeca. [Ipu 1boMy rojoBKH 3yOIliB JIpyroro mpoxojay oOpoOJsIFOTh CepeIHIo
TPETHHY BiJl BHCOTH 3yOIls YepB’SYHOTO KoJieca, a HDKKH 3 mpodimeM y ¢dopMi Tpamerrii
ydacTi B o0pobmi He OepyTh. OOpoOka 3yOlsIMH TPEeThOrO MPOXOAY 3IIHCHIOETHCS BijJ
MOMEHTY JIOTHKY JO OOpOOJIFOBaHOI 3aroTOBKHM IUX 3YOIlB JIO BHXOAY IX 3 KOHTAKTy i3
3aroTOBKOIO 4epB’siyHOTO Kojeca. llpu 1bOMy TONOBKH 3YyOIliB TPEeTbOTO MPOXOIY
00pOOIISIFOTH HUXKHIO TPETHHY BiJl BHCOTH 3YOIIsl YepB’ TIHOTO KoJieca, a HIXKKH 3 podireM y
¢dopmi Tpanerii yuacti B 06po0O1ii He 6epyTh. [licist Buxomy 3yOI1iB s TPETHOTO MPOXoay i3
BEpPCTATHOTO 3ayellieHHs YepB’sidHa (pe3a — 3aroToBKa UYepB’sSYHOTO Koyieca 0O0poOka
NpUNUHSETbC. B pe3ynpTari oOpoOKHM uepB’sYHOIO (ppe30r0 3 MOAUIEHUM 10 BHCOTI
npodisieM IHCTPYMEHTAIBHOI pPEHKH TOYHICTH OOpPOOKM YepB SYHOTO Kojieca CYTTEBO
MiIBUIITYETHCS (puUC.6).

a

PucyHoxk 6. [IpomucnoBe BunpoOyBaHHS MPOIIECY MeXaHI9HOT 00POOKH UepB’ TIHUX KOJTiC [T HAPUIHUX
YepB’ TYHUX Tiepeaad 3 YTHYTHM MpodiieM BUTKA YepB’siKa: a) eKCIIepHMEHTAIbHE Hapi3yBaHHS YepB’ TIHOTO
Kouteca Ha 3y6odpesepromy Bepctati SK32A HOBEM MeTo0M; 0) 4epB’siuHa (pe3a 3 MOMUSICHIM 0 BUCOTI
npodinemM iHcTpyMeHTanbHOI peiikn m=3 ymm, d,=58,5 MM

Figure 6. Industrial testing of the process of mechanical treatment of worm-wheels of cylindrical worm gears
with concave profile of a worm turn: a) experimental cutting of a worm-wheel on gear-hobbing machine SK32A
using a new method; b) a worm hob with a divided profile according to the height of a tool rack T=3 mm,
d,=58,5 mm

BucHoBkn. BusBieHO TMO3UTHBHY 3alIe)KHICTh TIPOIECY MeXaHIYHOI 00pOoOKH
YepB’sIMHOTO KOJieca BiJl KUTBKOCTI YaCTHH MOUICHHS MPOQIIIO 110 BUCOTI IHCTPYMEHTaIbHOL
pelikn 4epB’styHOI (pe3m N, IO 3a IHIMMMH pPIBHAMH yMOBaMH 31 30iibIIeHHSM N
BiZIOyBa€ThCsl TEPEPO3NOMALT MPUIYCKY MiXK MPOXOJAaMH Ta 3MIHIOETBCS CXeMa YCYHEHHS
MeTay i3 3amajiH MiX 3yOIlsIMH KoJjieca, sIke Hapi3yeThbes. BHACHIIOK ITHOTO 3MEHIMYETHCS
KIJIBKICTB IPOXOJiB (pe3n n,,y,, 10 IPU3BOJUTH [0 3MEHIIEHHs OTPaHKU 3y0a KoJjleca, a TAKOK
3MEHIIYEThCS BIJXWJICHHS BUXITHOTO KOHTYpY IpaBOi Ta JIiBOI CTOpPOHI 3y0a YepB’sIIHOTO
KoJieca, 0 MiBUIIYE TOYHICTh 00poOKH. Takox BUSBICHO CYTTEBUH BIUIMB KiJTHKOCTI 3yOIIiB
yepB’si9HOI (ppe3r Ha BIIXHUIICHHS BUXIJHOTO KOHTYPY YepB’SIMHOTO KoJieca IMpU MEXaHIuHIN
00poOIIi METOJIOM TaHTeHIalbHOT Tojavi. BcTaHOBIEHO, IO A MiABUINEHHS TOYHOCTI
MEXaHIYHOT 00pOOKH YepB’TIHOTO KoJieca KITBKICTh 3YOIliB (hpe3u 3 Mo IiieHnM mpodiieM Ha
TPH YaCTHUHHM IO BUCOTI IHCTPYMEHTAIILHOI peliKku JOpiBHIOE 12.

Y 3ampoItoHOBaHIM KOHCTPYKIli 4epB’STYHOT (pe3H, 3aBISKA 3MEHIICHHIO POOOYOl
BUCOTH 3YOIliB JUISL IEPIIIOTO, IPYTOro 1 TPETHOTO MPOXO/IiB CKOPOUYETHCS JOBKHUHA OCHOBH
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KOKHOTO 3YOllsl, 110 JJa€ MOKJIMBICTh, HE 3MEHIIYIOUH MIIIHOCTI 3yOIliB, 3SMEHIIIUTH KyTOBHM
KpOK 3YyOILliB y TOpLEBOMY II€peTHHI Ta YTBOPUTU HA TOMY > 3OBHIIIHBOMY JdiaMeTpi
4yepB’siyHOI (ppe3nm OiMbIMy KUTBKICTH pelok. 30UTbIIEHHS KUTBKOCTI peloK Jjae OuIbITy
KUTBKICTh TPOQUIIOI0YNX pi3eid, IO J03BOJISE 3a0e3MEYUTH ITiIBUINCHHS TOYHOCTI 0OpOOKH.
Kpim Toro, 3011bIeHHS KUIBKOCTI peHOK MPU3BOAMTH 70 301IbIIEHHS KoedilieHTa TOpIEBOrO
MEPEKPUTTS Y BEPCTATHOMY 3aueIUIeHHI YepB’siuHa (pe3a—3aroToBKa i JI03BOJISIE 3MEHIUTH
HEpIBHOMIPHICTH pi3aHHS, TMHAMIYHI HABAHTAXKEHHS 1 MIIBUIIATHA TOYHICTH OOPOOKH.

3aBasKu TOMY, IO 4epB’siuHa (pesa 3 moalieHUM MpodisieM MO BUCOTI HA TpU
YaCTHHH 1HCTPYMEHTAIBHOI PEMKH OJHOYACHO MICTHTH PO3TAIlOBaHI Ha OJHIM TBHHTOBIN
MOBEpXHI 3yOIll JUIsl TEPIIOro, JAPYroro Ta TPEThOTO MPOXOJIB 3 OJHAKOBHM JiaMETPOM
3anajvH Ta pi3HUMHU 30BHIIIHIMHU JlilaMmeTpaMu, 00poOKa 4epB’s’THOTO KoJjieca 3/1IHCHIOEThCS 3
OJIHOTO BCTAHOBIIOBAHHS, 1110 3a0e3Mevye IMiABUINEHHS TOYHOCTI 0OpOOKH.

Conclusion. We disclosed positive dependence of the process of mechanical treatment
of a worm-wheel on the quantity of parts of profile division according to the height of tool
rack of the worm-hob N. Under other equable conditions if N increases there is redistribution
of the allowance between passes and the change in the scheme of metal removal from caves
between teeth of a wheel which is cut. As a result the quantity of passes of the hob n,,
decreases which leads to a decrease of tooth cut of a wheel and there is also a decrease in
deviation of output circuit of the right and left sides of a tooth of the worm-wheel which
increases the accuracy of treatment. We have also detected a considerable influence of the
quantity of teeth of a worm hob on the deviation of output circuit of a worm-wheel under
mechanical treatment using the method of tangential infeed. It was stated that in order to
increase the accuracy of mechanical treatment of a worm-wheel, the quantity of teeth of the
hob with a divided in three parts profile according to the height of a tool rack equals 12.

The suggested construction of a worm hob has shortened length of base of every tooth
due to decrease of working height of teeth of the first, second and third passes. That makes it
possible to decrease the angle pitch of teeth in front crossing and to create on the same outer
diameter of a worm hob more tool racks without a decrease of teeth strength. The increase of
quantity of racks gives more profiling cuts which provides increase in treatment accuracy.
Moreover, the increase of rack quantity leads to increase of a coefficient of front overlap in
gearing for machines and lets decreasing irregularity of cutting and dynamic loading and to
increase the accuracy of treatment.

A worm hob with a divided on three parts profile of a tool rack according to the height
has teeth which are located on the same helix for the first, second and third passes with the
same diameter of caves and different outer diameters, so the treatment of a worm-wheel is
carried out with one installation which provides increase in treatment accuracy.
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