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M EXTOCYJTAPCT®BEHHUBGB U CTAHMNAPT

MMEPETAYHN YEPBAYHBIE ITIMHIAPUYECKHE
Pacuer reoMeTpHMecKHX MapaMeTpoB

Cylindrical worm gear pairs.
Calculation of geometry

Hara seeaenua 2002—01—01

1 ObaacTe npaMeHeHus

Hacrogmmii cranmapT pacipocTpaHsAeTcs Ha UYepBAIHEE Tepeladu ¢ TMHeHdaTeIMu (ZA, ZI u ZN)
Urn HeanHeiaTeiMK (ZK 1 Z7T) HWTHHIpHIECKIMHE YePBIKAMH H MEXOCEBHIM YTJIOM, pABHEIM 90°.

CTaHgapT YCTAHABIHBAET METONEI PACYETd TeOMETPHYECKHX ITAPAMETPOB YepBIYHOM Iepemavn, a
TAKKCE TCOMETPHYCCKIX [TAPAMETPOB YCPBIKOB M ICPBAYHEIX KOJIEC.

TpeGoBaHHd HACTOAIIETO CTAHIAPTA ABILIOTCA 0043aTCIBHEIMA, KPOME IIPIIOKCHHH.

2 HopMmaTHBHBIE CCBHLIKH

B HacTosmeM cTaHIapTe MCIIOIL30BAHE! CCBUIKH HA CAENYIOIUINE CTAHTAPTH:

I'OCT 2475—88 IIpoBonodkH H poiMKH. TeXHUYeCKHE YCIOBHS

T'OCT 16530—83 Ilepemaun syouareic. OOLIME TEPMHHEI, OIpEIeIcHHS H 0003HAYCHHUS

TOCT 18498—89 Tlepemaun YepBsTIHBIE. [epMUHEL, OTIPETCICHHS W 0D03HATCHHIST

TOCT 19036—94 Ilepemaun 4epBAYHEIC MITTHHIPHISCKAS. FICXOIHEIH 9epBAK H HCXOMHLIA MTPOH3-
BOIAIIANA 9€PBAK

3 OmnpeneneHus H 0003HAYCHASA

B HacrogmeMm craHTapre HCMOTL3VIOT TepMHHE H 0003HaueHAS 1o I'OCT 16530, I'OCT 18498,

4 O0umue NoNoxXeHud

4.1 CxeMa pacdeTa TFeOMETPHH BKIIOUAST MCXOTHBIE TAHHEIC, MpHBEAcHHEE B TadmuIle 1, pacder
reOMETPHYCCKHX MIApAMETPOR, IIPHBSICHHBIA B TAOIHIE 2, H PACYET PA3MEPOB I KOHTPOJIA B3aHMHOIO
MOJOXCHHA MPOMIICH BUTKOB Y¢PBAKA, IIPHBCACHHEI B TabiuIe 3.

4.2 Pacder omnpedenaseT HOMMHATLHEIE pasMe P 9epBIIHOM MepeTat, Y€ PBIKOB H YIePBIIHEIX KOJEC.

4.3 IlpuMeprl pacyera YepBIYHBIX Iepeaad ¢ uepeikaMu Z1 u ZT npuBeIeHb! B IIPHIOKEHUH A.

4.4 Pacuer pasMepoB g KOHTPOIS OCEBOTO IPOMHIA BATKA YepBakoB ZA, ZI, ZN, ZK npuBeicH
B nipunoxeHHun b, geppakop ZT — B npunokeHUH B.

Wananue odnnuansnoe



5 PacueT reoMeTpHIECKHX NAPAMETPOB

Taénwuna | — Wexonuele qanHble 1T pacyeTa

Harmveroparme mapaMeTpa O603HaYeHIe

Moayns, Mm m

KosqdneAT aramerpa depBika

YHCII0 BHTKOB YepBAKa 7y
Uwcno 3y6per Koneca Z
Bun weppaka ZA wmn Z1, ZN, 7K, 7T
Pannyc obpasyviomieii myru nomrdoBansHoro Kpyra (s gepesakoe ZT),
MM p
Hcxopuei  uepssk Vron npoguins Oy FITH Oy, Oy, O, Of
no TOCT 19036 KosddunueRT BEICOTEL BHTKA h*
KoadduimenT BHICOTH IOIOBKH BHTKA hy*
Koaddurent pacyeTHON TOMIUHBI BUTKA 5
Kosddunnenr panuyca KPHBU3HBI X
HEPEXONHON KPHBONA BHTKA Pn
MexoceBoe paccTOAHNE, MM a,,
Kos(dinme AT CMEINEHISA TepBsika x
HowMruiHarsHoe NepeiaToTHoe THCT0 U,

1101

TMpumeganusa

1 MexoceBoe pacCTOSHEE @,, BXOIUT B COCTAB MCXOIHBIX JAHHBIX, ECIIH €T0 3HAYCHIE 3a/1aHO.

2 KoopduUunueHT cMEleHNs YepBsika X BXOLWT B COCTAB HCXOOHBIX NAHHEIX, ECNIH 3HAUCHHE MEXOCECBOIO
PACCTOAHNUSA 4, HE 3aIaHO.

3 HomuHATPHOE HMePeqaTOTHOS THCIIO ty oy BXOLUT B COCTAB HCXOMHBIX TARAKBIX, €CITH KOTHIecTBO 3y0bes Koneca
Zp He 3aIaHo0.

Tadnuma 2 — Pacyer reOMeTpUYECKIX TTAPAMETPOB

Harmvenoparme mapaMerpa OBostauere Pacuernas dopmyia i ykasaHme
1 KonngecTBo 3yOBEB YEPBIYHOTO KONECa o) 2 = Unom U
OKpyriseTcs 10 BIICKAiero Heioro wHieia
2 Kos(gduireAT cMeleHns 9epBaka X

v 05
x7m7 L] (Z2+Q)

PexoMeHOveTCS IPHANMATE B IIPEISiax:
g mepenay ¢ yepsakamu ZA, ZN, 7K

0<x<1;
IS TIEPENAY W ¢ YepBiakamu 71
—1<x<0;
g Tiepenayw ¢ yeppakaMu 2T
0,5<x<1,5;

npearoaruTesHo x = 1,0




IIpodoancenue mabauyor 2

INCHWA YCPBAKA

Q0603Ha-
HapmveHoBanwe mmapamMeTpa ot Pacuerras dopmyna i ykasaHme
Q
3 IlepenatouHoe IHCIO u U= z
1
4 MexoceBoe pacCTOAHUE, MM ay a,=05(gp+tg+2x)m
5 JenuTenbHbiil Vo1 MoIpeMa ¥ zZ
tgy=—
q
6 OQCHOBHOHN YTOJ MOTbEMA Y COS ¥j = COS (1, COS Y
Onpenenserca nna geppakos ZI
7 HauaneHBIH yron nogbema Yo z
tgy =———
2 Y g+ 2
8 Vron npodiing B 0CEBOM CEUYEHHH YePBIKA o,
¢ tg o,
04 =
& 0= Cos y
Onpenensercs ang yepesakop Z1, ZN, ZK, ZT
9 Vron npodwnnd B HOPMATEHOM CEYeHHUH YEPBIKA. o, tg o, =tg o, cosy
Omnpegensiercd 1A YepBAKOB LA
10 MunrumanpHOE 3HAYEHNE KO3MQUIINEHTA CMEIe- Xmin OmnpenensieTcs #W3  VCIIOBHSA — OTCYTCTBHS
HUA YePBAKA noapesannd 3yobeB Koneca mo popmMyne
in2
L. msint oy
Xrin = Tl — 2
Omnpegensiercs st gepesakor Z1, ZN, ZK, ZA
11 MakcuMmansHoe 3HAYeHNe KOAGQMHIIHEHTa CMe- Xmax OmnpenensieTcs #W3  VCIIOBHSA — OTCYTCTBHS

330CTpeHus 3y0heR Komeca 110 Gopmyre
X = 0,05 70 —0,64 + £ %— 0,024 o, ,

rie (., — IOACTABIETCA B rpanycax.
Onpenenserca nnga yepsakos 21, ZN, ZK, ZA

Pacuer nuaMerpoB qepBsKa U GePBs

YHOro Koieca

12 JdenuteqbHerii  IHameTp, | depBsika d; d|, = gm
MM
YePBATHOTO KONIeca d, dy = zym
13 HagaapHbli JHAMETP TepBSIKa, MM dey dy =@+ 2x)m
14 OcHoBHO THAMETP YePBAKA, MM dy
m
= —
973
Onpenensercs and yeppakos 71
15 BricoTa BUTKA YEPBAKA, MM Ay hy=him
16 BricoTa roNOBKM BUTKA YEPBAKE, MM hy hy,y=hy m
17 JduameTp BepIIHH, MM BUTKOB YepBAKa d, dy=4d T 2h% m
3y0LEB YEPBAYHOTO d, dp=dy+ 2(hi T X)m
Koyeca




Oxonuanie matauys: 2

ObosHa-
Harmenopatie mapamMeTpa eEe Pacuertas dopmyna 1 yKasamme
18 HauGonbImuii JHaAMETp YePBAYHOTO KOMECa, MM . om
ae dopy<dy+—
a2 a2 s
g+

rue K = 2 — g wepesikos ZA, Z1, ZK,;
K =4 — ana gyepraxor ZT

Pacaer pasmepos, xapakrepiayionin QopMy HapesanHoil TacTi 9epBaka ¥ BeHIA TePBATHOTO KOJleca

HOro Kpyra

19 Papmyc KpWBH3HBI TIEPEXOAHONR KPUBOH depBaKa, Pa Pa=phm
MM
20 nwHa HApPe3amHOi TacTH TepBsaKa, MM by .
b, =2 _d“ez _(a ,@2+M
L ) ( w2 ) 2
21 Ileprra BeHIA YePBAYHOIO KOJIEca, MM by PexomeHnyeTcst onpeaensaTs 110 QopMyIam:
o nepenad ¢ gepssakamy ZA, Z1, ZN, ZK
by =0,75d, —upn g <3;
by = 0,67 d,; —upu g < 4;
nnsg mepenad ¢ gepsakamu 2T
by = (0,7 —0,1x) d,y
22 Paguyc BRIEMKH, MM 5 re=0,5d —h,
23 PaccrosiHHe OT OCH 9YepBAKA M0 IEHTpa pagHyca Gy
P noriOBATEHOIO KPyTa, MM 1 .
g =5+ psin &,
Omnpenensiercsa mig yepesakos ZT
24 Vron ckpempBaHud ocell yeppsaka W numrdoBanb- Vi Ve =mz/2e,

Onpenensercs s yepesakop ZT2.
Hns geppsikor 7T 1 npuHHMaeTCA

Ta="

Tadnuma 3 — Pacuer pasMepoB A KOHTPOIA B3AHMHOTO MONOXEHWA Mpodiieil BUTKOB 9epBAKA

Harmenopariie mapaMerpa O0o3HaYeHIIE Pacuernas cdopmyna 1 yKasaHue

1 PacuerHbifi mar epBsaka, MM Pl P =Tm

2 Xog BHTKA, MM Py P = P14

3 JlenuTenbHAS TOIIIMHA M0 XOPAE BUTKA YEPBAKA, Em Em = §*m cos Y

MM

4 BpICOTHI XOpIBL BATKA, MM Eal - -  sysin?y
h, = h*, m+ 055, tg (0,5 arcsin T)

5 JluaMeTp M3MEepPHTEbHBIX PONTUKOB, MM D D=z 1,67m
PexoMmenayeTcs TNpWHUMATE BeTHIWHY D
paBHOH OnmmxkaiimeMmy SonbmeMy 3HAYCHIID
mramerpa ponuka o TOCT 2475

6 PasMmep 9epBAKA IO POITMKAM, MM M

co
tg o,

1
M, =d, — ) SBY | p 1
1 1 (plfs m) + {sin Gcn+ J




IIPUIOXEHHE A
(pekoMeHIyeMOoe)

TTPUMEPEI PACUETA YEPBSAYMHOH NMEPEJAYH C YEPBAKAMM 71 u ZT2

Tadonuna Al — Fcxogusie faHHbBIE IId pacyera

YrcmoBoe SHAYEHIE
Harmenopanme numaMerpa Bo3HaAYeHIIE
ZI 12
Monyie, MM m 5,0
Kosddunment nuamerpa gyepBaka q 10 8
Uscno BHTKOB YEPBAKA Z 4 1
Pagnyc obpasyromefl nyri  nomndoBaBHOTO o 155
Kpyra, MM p ’
Yron npodwng o, 20° 22
Kos(pdiine AT BHICOTEL BUTKA I 2,0 +0,2cosy 2,2
KosgduiirenT BHICOTEL TOJIOBKY BUTKA o 1,0
Kosddurmert pacyeTHON TOMIWHBL BUTKA 5* 1,571 1,100
KoadpdunmenT paguyca KPUBH3HEL TIEPEXOTHO T % 0.3
KpHBOIl BHTKA P :
Mesxkocegoe pacCTOSHHE, MM a, 160 100
HompHasHOE HepeaToTHOe THEI0 Upom 14,0 31,5
Tadnuna A2 — PacdeT reOMeTpHYECKIX MAPAMETPOB
o6 YucaoBoe sHAYEHIE
HarmernoBadie mmapanverpa O3Ha-
b b EHIIC
Z1 12
1 Ypcmo 3y0ber GepBIIHOTO KOJeca ) =14-4=56,0 =315 1=3L,5
Ipunnmaem z, = 55 Ipurimaem z; = 31
2 Kos@duimeHT CMEIIEHNI YepBIKa x 160 100
x:T70,5(55+10):70,5 x:T70,5(31+8):0,5
3 IlepenaToyHoe IHCIO u 55 3]
u==-=1375 u====731,00
4 1
4 JenuTenbHbii Yroi nonbema ¥ 4 1
tgy=—=0,400 tgy=5=0,125
10 8
v=21°4805" y="7°0730"
5 OcHOBHOH yTON MOTBEMA Yp €os 7y, = cos 207 x
x cos 21748057 =0,8725 —
v, = 29°1506”
6 HavanmsHbIil yTOT MOgBEMA Yo 4 1
. S— t; = —=—=0,111111
tgy, = 1072_015—0,444444 £ Yy §-2 05
Y= 235745 Ty 6720725




IIpodoancenue matauupr A.2

00603- Yucnopoe sHaueHME
Hamvenosauue mapaMeTpa Ha-
JEHIE 71 712
7 ¥ron npoduid B OCEBOM CEUCHWM | o, te 70°
o - 1820
HeppiRa % Cos 2174805
0,363970 —
T 0,928477 0,392008
o, = 2172420”
8 MruHNMaNEHOE 3HAYEHHE KO3DDU- | X 55
LMEHTA CMELIEHIS YepBika Xpin=1- 5
x §in? 21724°20” = - 2,663
9 MakcHMaabHOE 3HAYEHHE KO3M- | Xjav | Xpax=0,05-55-0,64+1,0-
dunmenTa cMerennd YepBaKa —
- 0,024 . 21,40557 = 2,596
10 HenurenpHeiii qua- | TepBska d| dy =10 5=50 d=8-5=40
METP, MM 4
YEPBATHOTO ) _ - —131.5=
Konec dy= 55-5=1275 dy=31-5=155
11 HawanpHeri KuaMerp 9eppsika, MM | d,y d,=(10—2.05) -5=45 d,=08+2.05) -5=45
12 OcHOBHOI fHaMETP YEPBAKA, MM dp 4.5
dy=———=13571 —
tg 2971506
13 BricoTa BUTKA YEPBAKA, MM Ry h=020+0.2x
h=22-5=110
x cos 21°48°05” - 5 = 10,93
- 14 BricoTa TOMOBKHM BHTKA 4YEPBHAKA, | Fiy hy=1-5=5 hy=15=5
15 duamerp BEpLiAf, | BHTKOB dy di—50 4+ 1.5—60 d =40 +2.1.5=50
MM YepBsIKa al al
3y0beB uep- | 4
BB}’EIHOTO P @ dp = 275 +:2 %0— 0,5 -5= dy = 155;'52:(%76 0.5) =
Koneca
16 Haubonbrwrit fuaMeTp TepBaaro- | .0 6-5 6-5
IO KOJMEC, MM ae d,n =280+ 157 285 oy =170+ 154 176
18 Mnmra HapesaHHOI wacti qepss- | b >
Ka, MM 285 60 2 b =228 100 - 27 - 03
b1:2\ (T](mo?) =117 2 2
19 HInpHHa BEHIA YEPBATHOIO KO- by by = 0,67 - 60 = 40,2 by = 0,67 - 50 = 33,5
neca, MM
TIpnnnmaem by = 40 Tpunnmaem b, = 34
20 Pappyc BEIEMKH, MM . 7.=05-50—-5=20 =05-40—-5=15
2] PaccrosiHie oT OCH 9epBska 10| ¢y 40
LIeHTpa paguyca ImHGOBATLHOI0 Kpyra, — ="+ 23,55in 22° =29,552
MM




Oxonuanite matauys: A.2

0b03- ucnopoe SHATCHIE
HammenoBamme ImapaMeTpa Ha-
erme VAl Z12
22 Vron ckpellUBamis oceil yepsaxa [y, 5.1
¥ norGoBanbHOro Kpyra (2 Y = 2.29.552 = 0,0846
Y = 4°50°08”

Tadonuna A3 — PacyeT pasMepoB A1 KOHTPOJIS B3aNMHOTO MOMOXCHHS Mpoduieii BUTKOB YepBAKa

ObosHa- ucaoBoe SHATEHIIE
Hapvenopanme mapaMerpa
JCHIIC
71 712
1 PacueTHbIf AT YepBaKa, MM P P =3,1416 - 5= 15,708 p=3,1416 - 5= 15,708
2 XoIo BATKA, MM P Py = 15708 - 4 = 62,832 P = 15708 - 1= 15,708
3 JenwutenpHas TONIIKMHA IO XOpAe Em gal = 1,571 - 5 cos 21° 48'05" = Eal =1,1-5cos7 07 30" =
BHTKA YePBAKA, MM = 6,499 = 5,458
4 BricoTa A0 XOPaBbl BUTKA, MM Em Em =1-5+0,5 6,499 - tg0,5 % ﬁal =1-3+0,5 5458 tg0,5x%
x arcsin 6,499 §in221°48'05” |=| x arcsin 3458 §in?7°0730” |=
50 40
= 5,029 = 3,003
5 JAwamerp POTHKOB, MM D D=1,67 5=28,35
TIpurnmaes D = 8
6 Pasmep yepBAKa IO POTUKAM, MM M M;=50-(15,708 - 1,571.5) x
cos 21°4805” n
ltg 20° —
+8 (Si]ﬁl20° + IJ 61,36




I[IPUIOXEHHE B
(pekoMeHIyeMOoe)

PACYET PASMEPOB J1JI1 KOHTPOJIAA OCEBOTO
HHPOPWIA YEPBAKOB ZA, 71, ZN, ZK

Tadnuuga b.l
ObosHa-
Harmenopadie mapaMeTpa f— Pacuertas dopMyna 1 yKasaHme
1 Topuoseril yron obpasyiomei nps- O Q= Oy — WIS YePBAKOE ZA,
MO}l MOBEpXHOCTH BHTKA Op =7, — ATA YepBAKOE ZI;
8in g = 8in @, cos v — ama gepssakos ZN, ZK
2 JuaMerp HATPABIAOMIETO  [1¥- dp dp =0 — s gepsakon ZA;
JAIPA, MM dp = dy — st wepssikos 21
gtgo,=05mcosy |
dp=m: X §in Yy — A YePBAKOB
V1 o+ tg? o, sinZy
ZNl u ZN2.
IIpumevanue — 3Hak mmoc — ana gepsaka ZN1,
3HAK MUHYC — I8 depBaka ZN2
3 MexoceBoe pacCTOAHNE B CTAHOY- ag ag =05 (dygt+ d,y — 2h) + ¢,
HOM 3aLleIUIeHNI, MM e d,p — KHAMETP BEPLINH WACTPYMEHTA, MM;
€g — PATHANBABIA 33300 MEXIY MOBEPXHOCTRIO BEPIIHH
WHCTPYMEHT M TOBEPXHOCTHIO BIANWH YEPBHKA, MM.
Omnpegensierca st yeppsakos ZK1
4 TyrameTp HHCTPYMEHTA, COOTBETCT- dg dy = 2a, — d,
BYIOIUWMIT KOHLIEHTPHYIECKOT OKPYKHOCTH re d — mHaMeTp KOHIEHTPHICCKON OKPYKAOCTH QEPBAKA, MM.
qepBaKa, MM Omnpegensierca st yeppsakos ZK1
5 BcrnomoraTenbHBIC BEMYIHHBL, HC- A dy .
TTONB3YeMBIX B PACYETHRIX GOpMYITax 3 cos o, Hy sin o,
o il
Pil-ctgy—a COS 1
I H i}
roe Hy — BhicoTa KOHyca IPON3BOLSIIEH IOBEPXHOCTH HH-
CTPYMEHTA OT ET0 BEPUIMHEL 0 TUIOCKOCTH, Mep-
TMEHINKYIAPHOI K OCH HHCIPYMEHTA W IIPOXOLsi-
meil vepes MeXOCEBYIO IHHIIO, MM
B 2N
ag clg v+ ==\ sin o,
2n
B-
L ctg y- ag |cos o,
2,”: 0 n
% o, AB AL B
0 BR-1
By

2
@dh=—""7p - a

a(}+7[}c05130 a0+70-cosﬂo

Onpenensrores ang gepsakos ZK1

g,
@-sin ¥ cos B (HG—TU- tgan)siny




Oxonuanie matauys: 5.1

OBo3Hade -
HarmeHoBaHue [IapaMerpa PacuerHas dopMyna U yKasaHue
HIIE
6 OpmiraTa TOYKI 0ceBoro npodirs ¥ ¥} — HesaBucHMad nepeMeHHas s aepsakos ZA, 71, ZN1,
BHUTKA, MM ZN2;
dy
aq + 7 - COS ‘BO
¥ = Tﬁx — nnst gyepeskor ZK1
7 ABcIcca TOUKH 0CeBOro Mpodiisg Al 2 d
BHTKA, MM X = \ y2o |2 . tga +@- arcsin — — ISl YEPBAKOB
1 112 o7 o 2Y,
A, 21, ZN1, ZNZ;
dy . , dy P
X1=7-smy-sm Oy + HO—?-tgan)cosy—i-ﬂx — Jis
gepesikos ZK1
ITPUJIOKEHHE B
(pexoMeHIYEMOE)

PACYET PASMEPOB /IS KOHTPOJIA OCEBOI'O ITPO®IIL YEPBAKA ZT

Tadnuma B.1
Harmnvenopanue apaMeTpa ObosHaTeHne Pacuernas dopMyma 1 ykasaHie
1 BunToBoil mapamerp, MM my
P P=73
2 HemuTenbHasd TONMMAA B OCEBOM CETEHIH, 5 J—
MM
3 BcrniomoratenbHEIE BEIHUHHBL, HCIIONB3YE- d 2
MEIE B pacueTHEIX dopmynax had § P2 p2sin
Kl \ 2 + p 5 YI/I
K = -pt
1 c0s 1, Py
K2 K2 =N P2 - (CH - KI) -sin Tu
z Z=2L po ¢ Kz) £
== -p(n—arctg—) +
x k2 K ey,
4 Tekymiee 3HAYCHHUE PaaUyca YEPBAKA, MM - @ . d, -2
i e
2 : 2




Oxonuanite matauys: B.1

Hapmvenopanme mapaMeTpa Obo3HaTeHEe Pacuernas dopMyma 1 ykasaHie
5 Bcrnomorare bHbIe BETHIHUHEI, HCITOTh3Ye- Kue N r2—pr—psin? g,
MBIC B PACYETHEIX (POPMYITAX Ky 3 S ¥, PRy
K, Ki=VpT— (G - K -sinyy
K,
K K, = arctg 5
6 OpnvHATA TOYKH 0CEBOTO TIPOgIUTS BUTKA, Y, Y =tn
MM
7 Abcrpcca TOYKH 0CEBOT0O MPOQd BUTKE, X X = p(r— ko) — K, ot L7
MM 1 1= p( s) - Kyetgy, + 2
IIpuMmevanune — Ock ¥ ABnseTCs OCHIO CHMMETPHHI JIEBOIO 1 IIPABOrO NpoQuieil BITKA.
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