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TV —T'a6poso, Katenpa “MatuHOCTpoeHe 1 YPeaoCTpoeHe”
Karenpa “TexHudecka MeXaHuKa”
yi. “Xamis [nmursp” 4 ; 5300 Tabporo, BBJIT AP

Hncmpymenmume ca OCHOGHU Cpedcmed 3a Npou3eoOCMEomo 1a Oemaiinu u Kamo maxusa e
HOPMATHO OMMUMUSUDANEMO UM 30 NOSUMAGaHEe HA npoussodumenHocmma. Hepesunume
MOOYTHY (hpesu ca GUCOKO NPOUSBOOUINENHY UHCHPYMEHMY 3 3p0HY Konend. 3a cv3dasanemo
UM — HPOEKIMUPAKe U USPAGOMEAHE O CLUJECMEEHO SHAUEHUE € NAPAMEMPUSAYUAMA UM.

Knrouoeu dymu: uepssuna gpesa, acumempuyer npogui, MankoMoOyaHu.

1. BoBefieHHe

Yeppsunute (pesn ce M3MON3BaT 32 Tpy0O M YMCTO
obpafoTBane Ha IMIMHADMYHAY M HEPBSYHM KOjena C
npaBM M BUHTOBH 350H, O MeToza Ha OOXOXmAHeTO
[Bynrakos 1974, Bynrakos 1978,Bynrakor 1979]. Ilo
BHAZ Ha ofpaGoTkaTa depBauHHTE (pe3u ce AenAT HA
dpesu 3a Tpybo, UKCTO B mpenusHo obpadorsase. IIpu
MaNKOMOmyJHHTe 3bOGHM Konmema, WOpam¥ MalKHTe
pasmepH, ornaia rpy6orto obpaborsane. Msnomssar ce
dbpesw 3a uncro u npempsHo obpaGorsane [IBamos
1998].

Dpezure 32 gucro 0GpaboTBAHE CE M3MON3BAT 3a
OKOHUATENHO Hapasaue Ha 3p0mTe. O6paboTsamero ¢
TAX € TIPElM3HO M ca NpPefHA3HAYEHH 33 HapAsBaHe Ha
356HM KONeNa C BHCOKAa CTENeH Ha TOYHOCT.
WHCTpyMeHTHTE ¢ H3paboTBAT MHOMO TOYHO — €
BHHINCH AHAMETHP, N10-TOIM OT AHAMETPHTE HA APYTHTE
dipesn, eTHOXONOBH H C HyIIEB IPe/IeH BIblL

B 3aBHCHMOCT OT TOYHOCTTa Ha H3paboTBaHe Ha
(prBHTe H OCHTypsSBaHATa CTENCH Ha TOYBOCT Ha
HapA3BAHMTE KONENa, YePBAuHuTE (pesu ce uspaboTeat
B yeTMpH Knaca: Kiac AA — 3a 360HE Konena cee 7-Ma
cTemeH Ha TOYHOCT; kmac A — 3a 8-Ma cTemed Ha
TOYHOCT; K1ac B — 3a 9-ta cTeneH Ha To9HOCT; M kiac C
—3a 10-T2 cTelneH Ha TOYHOCT.

Crniopen,  Gpos Ha xomoBere (pesute Ousar
ENHOXO0JOBU U MHOTOXOIOBH. MHOFOXOI{OBHTC YepBAYHH
dpesn oCHrypsBal NO-TOILAMA TPOM3BOAMTENHOCT, HO
nopagy YBEIUYCHHA BIBI Ha BHHTOBATa JIMEWI H
HamaneHns Opoit Ha mpodunupammre 356mM  ce
TONMYJABAT 3HAYMTENHM TpemkM B Tipoduna Ha
Haps3BaHuTe 356H. 3aTOBA MHONOXOMOBHTE YePBAYHH
(pesw ce M3MON3BAT 3a HpelpapuTenro obpaGorsane Ha
3n0uTe. 3a yKcTo 00paboTBaHe, TE ca CbC SHAYHTENHO
yBeIUUeHH HaMeTpH.

Tlo xoHCTpykuMs depssanute ¢pesn OubaT Lenw,
CHCTABHM M CIVOGAEMH, HO HOpajH MAIKHTE pasMepH

npu MogymH (m<1), MaIKOMOXYJNHNTE YePBITHA (pesn
ce u3paboTRaT MOHOIUTHA.

Yeppsrguute hpesu Gipar ¢ 06O Npe/HASHAICHHE B
crenmangy, Tesu ¢ 060 TpeAEA3HEATICHNAE CE M3MON3BAT
32 TpPEeABAPHTENHO M OKOHUATENHO HApA3BaHE Ha
LEUIMHPHEHE 350HH KOJIena ¢ IPagH W BUHTOBH 350H.

B craTmsaTa ce pasriesaa MeTOIMKATa 33 U3TUCIICHHE
HA PasTHIUATA B TEOMETPHATA HA UePBITHN $pesn ChC
CHeNUANHO TpeHA3HauCHHE, 2 HMECHHO C ACHMETPHICH
npodun Ha 3b6HTe, NPH MANKOMOJYTHHTE 3BOHH
KOJeNa, CPaBHEHH ¢ 00IIO HpeHASHAYeHNTE.

2. Hanoxenue

Ha ¢dur.1 ca MokazaHH NMPOEKUMATE M NApaMETPUTE

3a (pesn ChC CHMETPHYEH M ACHMETpUYeH Hpodui Ha

3IBOHTE.
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@®ur.1 MBcTpyMenT 32 NPOM3BOACTBOTO HA

MAJIKOMO/LYJIHH 3b0HH KoJjeIa ¢
acHMeTpHEYeH BPodu1
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2.1 Metonuka 3a onpeAelsHe Ha TeOMETPHIHUTE
niapaMeTps

2.1.1 TlpemeH BrbI Ha pexemus ps0 NpH BbpXa Ha
¢dpesara v;.

Ipu dpesure 3a umncro obpaboTBane Ha 3BOHTE Ce
npuema v,=0°, a mpn rpy6o obpaGoteane y,=5+10°. B
coydaii ¢ MagKkoMOIyJlHaTa uYepBIyHa (pe3a €
CBIIOCTaBUMO ¢ 4ucTo obpaborsane. Ilopamm ToBa €
HOPMATHO TpPemHMAT Bren na Oere 1,=0° ® npm
CHMETPHYHHSA U TIPH ACHMETPUIHHUA MPOQHIL

2.1.2 3agen Brbl Ha pexemms pud npm BEpxXa Ha
tpesaTa o,

ViMa TpemopbKH, 3aiHMAT BIBI Ja ce M30upa B
TpaHHIMTE O,=8+15°

ITIpaBu ce mpoBepKa:

tg(0r) = tg(os) . sinoy)
O] te(oter) = tg(aty) . sin(oy) ,

KbACTO O, H 0O Ca CHOTBETHO MACCHUAT K JICBUAT
npodHY BIIH Ha dpe3aTa;

O U O - CHOTBETHHTE MM HPOBEPOBBYHH
‘BIIH.

AKO 0, UIH 0 ca < 3° e Heo0X0uMO [1a ce YBEIHId
3aJIHMAT BI'BI HIPH BBPXa Ha (pe3ara o, ¢ aCHMETPHHIEH
nipout Ha 3B6HTE.

2.1.3 Hsumcnapase Ha OTAEIHWTE KOHCTPYKTHUBHH
eTeMeHTH.

Enements Ha 3b6HTe B HOPMAJTHO CEUCHHE:

2.1.3.1 bren Ha npodrina Ba 30a:

Olnor = Clor
@ Olnol = Clol

OOukHOBeHO BrINTe Ha Opodnra Ha 3p0a Ha
HMHCTPYMEHTA B HOPMAJHO CEYEHHE Ce IPUeMaT PABHH HA
BIAMTe HA NpodHIa Ha W3XOOHMA KOHTYpD. 3a
acuMeTpHueH Ipodu:

Clnor = Clor = Oy
3) Olnol = Olo} = Ot 5

KBbIETO O M 0 Ca& CHOTBETHO AECHMAT H JICBKAT BITIH HA
HU3XOIHMA KOHTYP.
2.1.3.2 Hopmanga crsixa (Pp)

4) Pp=u.m,

KBAETO T € MOLYIBLT Ha HHCTPYMEHTA.
2.1.3.3 JleGenuna Ha 3602 N0 AeTUTENTHATA THHIS:

(5) Sw=Pu-(8:+4),

KpaeTo S; e AecbennHara Ha 3b0a Ha KONENOTO @O
DeuTeNHaTa OKPEHXKHOCT, M3YMCIEHA C OTYMTaHe Ha
CpenHus JOMyCK;

A - mpu6apkara 3a qicTo obpaboTeane.

TIpy MAIKOMOIYTHHTE NPENABKH, NPH YCIOBHME Ha
HaMa xnalHEa B 3alelBaHETO H OT 0Co0eHOCTHTS HE
obpaGoTBaneTo, HE ce¢ OcTad TpubaBka 32
nomsnHuTenHO ofpabGorane, 1.6, A = 0. ®opmynaTa
N00MBa BHAA:

(6) Sho =Puo— Si- 33 cUMeTpHIEH TIPOdIT.

Ipn HamuuMeTo HA KOpekiHa Ha mpoduma
nefemvuara Ha 3502 1O JeauTeNHaTa JHMHMA A00HBA
BHAA:

(7) Sqo = Puo/2 +x.m [tg(oy+g(o],

KBAETO X € KOeQUIUEHTHT HA M3MECTBAHE HA M3XOTHHUS
KOHTYD.

Wsxoxaaiiku or $axra, e OCHOBHHTE OKPBKHOCTH
(dy v dy) He ce NPOMEHAT, IPENOPEKA € M3TION3BaHe Ha
Koed)nunel-n‘ Ha aCHUMETPHs OUPEALCICH OT OTHOMEHHETO
Ha T€3H JIBE OCHOBHH OKPBKHOCTH:

g2 cos(a,)
(8) dy cos(ay)

Ipu K=1, 3B0HHAT ODpodMIT H CHOTBETHHAT MY
H3XO0IeH KOHTYP ¢a CHMETPHIHH.

Ot riemHa TOYKAa Ha KJACHYECKaTa METOIMKA € TO-
yao6HO Ia ce BbBede KOC(HIMEHT HA aCHMETPHMA Ha
HU3XOAHW KOHTYP ONPERENCH OT OTHOHICHHC"I‘O:

K, -2

©) tgfay)

OT Tasu 3aBUCHMOCT clieiga, ue upHu 350HM KONena ¢
acuMeTpHueH Npodul B TEXHHA CHOTBETCTRALL H3XONEH
KOHTYP, MOXe Ja Ce 3a/1aBa efHuUsA NpodHIeH brbl Ha
koHTypa (o) u koeduumenta Ha cumeTpud (K,o), Kato
JApyTHAT HpodIIIeH B Ce U3pas3aBa OT 32BHCUMOCTTA:

: a1=arctg(-t—g—((—l‘—)J
(10) Keo J,

2.1.3.4 BucoungaTa Ha I71aBaTa Ha 3b0a:
[40))] hgo :h:om’

xpaeto h'y € KoedHIIMeHTHT Ha BUCOUMHATA Ha I71aBaTa
Ha 350a.

Ipy ManKOMOZYNHHTE 3LOHM KOJena ce IOMycKa
KoebunuMesTa Ha BUCOYMHATA HA IiaBaTa Ha 3B0a Ja
6Bc B CICAHUTE I'PABHITH:

12)  h,=1+11

2.1.3.5 Bucounna Ha OCHOBaTa Ha 3B0a:
(13)

hg=hyetc — cuMeTpruer npodu,

KBETO C € pajuanHaTa XIabuHa;
h,, - BHCOYHMHATA Ha TTIABATA HA 3B0a.

c=c.m

4 ",

KBIETO ¢ € KoedHLHeHTa Ba pajnansa xnabuna.
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Haii-uecto  H3MION3BAHHTE
CHMETPUYCH MANKOMOLYJIEH
(0,1;0,15;0,2;0,25;0,35;0,5).

TIp# acMMETPUYHMA KOHTYpP € MpENOPLHHTENHO,
Koe(MIMEHTHT Ha pajnanna XnabHHA 33 eHaTa CTpaHa
Ha mpouna da ce usbupa cTaHIapTeH, a 3a Jpyrara Ja
ce H39UCIABA. Tosa CcTaBa o 3a4bJDKUTCIIHA
3aBUCHMOCT:

CTOMHOCTH  TIpH
KOHTYP ca

B +C, =hgtc =hg ,

(15

KBAETO haor M hyo) Ca BUCOUMHHTE HA TJIABATA Ha 3602 32
[CHATA M JABaTa CTPaHH Ha Ipoduia;
¢, M ¢ - pamuamEure XnmabuHM 3a NABaTA M
NiICHATA CTPaHH Ha npoduia.
2.1.3.6 TIbana BUCOUKHA Ha 3b0a:

(16) hy=hge+ hg, — cHMeTpHYEH IPOGHIL
an h,=h,+hg =h +h

aor for a0l fol

2.1.3.7 Paguyc Ha 3aKpBIVICHHE HA TaBaTa Ha 3502,

B Hacrogniata METOOMKA CE npuemMa, q¢ paauyca Ha
3aKpBIVIEHHE Ha I7IaBaTa Ha 350a € JacT OT OKPBIKHOCT,
KaKTO NpH CHMETPHueH, Taka M IPH 2CHMETPHYCH
mpodun BBIpekW, Ue HeCHMETPUIHOCTTa Ha KOHTYpa
Tpefnonara Ja Cce U3MON3BAT IBa pazuyca Ha
3aKkpsIaeHne (prp1). MaIKOMOIY/IHUTE HePBAUHH dpesn
ca u meIHONpodwIHO 06paboTea.

Tlpy 3anazed pamuyc Ha 3aKphINCHUE Ha I7aBara Ha
KOHTYDa P, MOTAT [1a C& M34HCIAT PAIMATHATA xnabuna
CLOTBETHO 3a AMCHATA K IABATA YACTH Ha KOHTypa:

[ p,,.tg(45 & ].cos(a,)m
(18) 2

c = pa.tg(45 - %].cos(a] Ym

2.1.3.8 Hannume Ha DPaBONMHESH YYACTBK B
ocHOBara Ha 3b0a Ha M3XOMHWA aCHMETPHYCH KOHTYP

Hpasonm-leﬁ}m;rr Y4acThK B QCHORATA Ha 3p0a MOXKE
Jia ce M3YHCTIY 110 CICHHUTE 3aBUCUMOCTH!

(g WEW W,

g> h, .[tg(a,)+ tefa,)]-

(20) w=m: o o
- p“{tg(ﬁ - —2—') + tg(45 - —2—)11

2.1.3.9 Paguyc Ha 3aKpBIIeHHe Ha OCHOBATa Ha 3p62:
ViMa TpemOpbKH, paaMyca HA 3aKpbrieHHe HA
OcHOBaTa Ha 3502 Jia ce 36Hpa B rpaHUIHTE:

r =(015+030)m_,, cuMeTpuueH mpodn,
en &= rﬂ.Kac’

10

KBAETO Ty M Ty CA CHOTBETHO PRIMYCUTE HA 3AKPBIICHAE
HAa OCHOBaTa Ha 3pba 3a JICHaTa M JsBara 4acT oT
KOHTYPa, IPH aCHMCETpHHeH MpodHil.

2.1.3.10 Jlebenuna #a 350a BBB BHPXA.

Jlebenunara Ha 3p0a BBB BhpXa Ce MSTHCIABA 1O
[Kotenuukos 1973]:

22) S, =S.+8._ NPM aCHMETPHEEH IPOQHIL.
S
Sar = _fﬂ_hao .tg(a,)
23) 2
S
Sy == -h,,tgfer
en 2 )

(25) S, =8,,~h,, [tg(ar)+ te(e )]!
KbIETo S, ¢ nebenupara Ha 3p6a 1O JEIMTEIHaTa
JTHHWA.

TIpu cumerprde npodui:

(26) Si= Suo/2- 2h, tg(0),

2.1.3.11 [lupounHa Ea TagUHATa MEXAY 350UTE HA
(pesara:

@7 e =P~ {Sno +hy, '[tg(ar )+ tg(a] )]} .

2.1.3.12 Bpoii Ha pexentuTe rpeGeHEN 350M - U30Kpa
e TI0 TIPETIOPBKA:

z, = 200+(6+7)

@8) du ,

KBAETO g0 € AMAMETHPET Ha BHHINHATA OKPHIKHOCT.
2.1.3.13 BucounHa Ha 3aTHIOBaHE:

29) k = m.dao-tg(o)/2. 2,
2.1.3.14 TonbIHATENHO 3aTHIIOBAHE:
JIOUHLIHUTENHOTO 3aTHIOBAHE CE YIPABH Camo MpH

mmudosane Ha npoduia Ha 3pOHTE H CE IPENOPERIWa
HM34YKCIIBAHE 10!

@oy k1= k(1,2+15)
2.1.3.15 OxpbHa CTBIIKA HA PEKEIINTE rpebenn:
(31) Pyemdao/zk

2.1.3.16 TpaGounHa HA CTPYKKOBATE KaHaiIl:
- 32 dpesu ¢ MHPOBAHH KAHATH:

(32) H=h,+05(k+k;)
- 3a dpesn ¢ HemMoBAHY KaHATH:

(33 H=htk

2.1.3.17 demxuna Ha mmpoBaHaTa 4acT Ha 3p0a:

(34) t=Pyf3,
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KBIETO Poy € OKpBkHATA CTIKA Ha peselTe rpebeHm.
2.13.18 Pamuyc ma 3akphImenme na OCHOBaTa Ha
CTPYXKOBHTE KAHAIIH:

(3% re=mn(dw- 2H)10.2,,

kbaero H e 1en6ounnarta Ha satunosane.

2.1.3.19 'brin na npoduia va CTPYXKOBUTE KaHATH

Uma mpemopeku, sremeT  Ha mpoduia  Ha
CTPY*RKOBHTE KaHAMM, fa ce u3Gupa ¢ 2+5° no-romam ot
CBOTBETHUS NPOQHICH BrbI Ha KOoHTYpa. CBOTRETHO
TIDH aCHMETPHYEH Mpodhum:
36 8,=(2 +5)a,, 8 = (2 +5)a,

21320 'Bbren ma KOHTaKT mHa tpesara cxe
3aTOTOBKATA:

dy, —2.h
@=arcos &0 q ¢

(37) ao

2.1.4 ExeMeHTH Ha BHHTOBATA 4acT:
2.14.1 Cpenen mmametp Ha tpesara:

d

(38) cp = dyo—2.hy,

2.1.4.2 Cpepen usuncimrencs IMAMeTHp Ha (pe3ara:

(39) dmo=dy =05k

2.1.4.3 'broi Ha HAKIOHA Ha HABHBKHTE Ha BMHTA Ha
(pesara:

- mtg(%]
(40) o J,

2.1.4.4 OcoBa cTHIKA Ha BHHTA — 3661Te:

P

no

P ——m _
@1 ¥ cos(z, )

2.1.4.5 Xox Ha BUHTA IO OCTA:

42) Pco=Pxo‘Zo,

KBJETO Py € OCHOBHATA CTHIIKA Ha BHHTA,
2.1.4.6 Crpnika Ha BUHTOBHTE CTPYXKOBH KaHAJIH:

43) Si= .o C18(T,) ,

2.14.7 HanpapnenMe Ha HABMBKMTE Ha BHHTA Ha
4epBsriHara (pesa;

3a Komena ¢ mparM 3u6H mocokata Ha HaBHMBKHTE
HAMA 3HAYCHYE, HO OGHKHOBEHO Ce TpHeMa ~ IACHa,

Ilpu 356EM xonena ¢ BuHTOBM 3B6H e yzobHo,
HANPABNIEHHETO HA HABMBKUTE 14 € ELHOHNOCOYHO ¢
HaIIPaBJIEHMETO HA HAKJIOHa HA 3n0HTE Ha KOJEIOTO.

2.1.4.8 Hanpagienye #a CTpy®KOBHTE KaHATH (w)

Tlpr w<4 cipyxxosuTe Kamamm Mmorar za ce
HallpasiT BHHTOBM MM NPABH, YCHOPEAHH HA OCTa, a
np w24 - caMo BHHTOBH ¢ TIPOTHBOMOIOKHO
HATPABNCHHE Ha HABHBKATE HA BUHTA, TOECT W=T,.

3. 3akmouenne:

TIpoexTrparero Ha MHCTpyMenT 32 TPOH3BOJCTBO Ha
3B0HH KOJNENa C acHMeTpHueH npodun Ha 3n6a mMa
CHETHUTE TEXHONOIMIHE OCOBEHOCTH:

3.1. Hsnonseanero ua HECTAHNAPTHH HPODUITHU BITH
Ha  M3XOAHMA KOHTYP, KOHTO C€ Hanarar or
CTCIHpHIANTE H3HCKBAHMA KBM 356HOTO 3allenRaHe.

3.2. Meronukara 3a TPOEKTHPaHe Ha TaKbB M3XOLEH
KOHTYp € HOCTPOCHA BhPXY KIACHYECKATA ¢ OTIMTAHE Ha
0COGEHOCTHTE HANOMEHH OT ACHMETPHATA 1 FOCMUHATE
Ha MOfyna.

3.3. Ipoekruparero Ha gepeiyHa  (pesa 3a
acuMeTpuyeH 3n0eH PO Ipeanonara HIMON3BAHETO
HA TE3U UPOQUIM B CePHIHOTO NMPOM3BOACTEO, KATO €
BESMOKHO H3MONSBAHETO HA DPefla OT CTAHAAPTHH
MOZYIIH.
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ANALYSIS OF THE PARAMETERS OF A SPECIAL PURPOSE WORM MODULAR MILLING MACHINE

Genadi TSVETANOV Miroslava Nencheva Petar Nenchev
gencvet@tugab.bg nencheva@tugab.bg nenchev@tugab.bg

Department of Mechanical and Precision Engineering
Department of Technical Mechanics
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Small-modal evolvent cylindrical gears are mainly used in the electrical industry and in machine building. A
large part of the small-module gears work under large and varjable loads and low lubrication conditions. The realization
of larger gear ratios, while at the same time — siriving to minimize the volume of gears, implies correction of gears.
Correct selection of the coefficient of displacement of the output contour in these cases is extremely important for the
durability and load capacity of the gear, and its optimal sizing is associated with a large economic effect.

In non-reversible smallmodule gears, the same effect can be achieved with the use of gears with an asymmetric
profile of the teeth. Besides the ability to obtain gears with a small number of teeth, through the use of asymmetric
profiles it is possible to design gears with predefined parameters such as overlapping coefficient, tooth thickness along
the apical circle, allowable trimming, maximum interdental area, etc.

This article analyzes and compared the parameters of high-performance gears, worm modular cutters,
functioning by the crawl method.

The design of the geometry of the profile of the output contour, that is, the contour and geometry of the
instrument are considered because they are crucial for the parameters of the gears made with the tool.

A methodology for calculating the geometry of small-module worm cutters with an asymmetric profile is
presented and is made a paralle} with the classic symmetrical profiles of the teeth. The parameterization can be used to
calculate the profile of both small-module and tools with a normal module, using the standard for normal modular gear
worm cutters.

Keywoxds: worm modular cutter, asymmetrical profile, small-module
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