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THREE FUNDAMENTAL LAWS OF GEARING: FOR GEAR DESIGN AND GEAR
PRODUCTION

Production of gears is tightly associated with the gear design. When gears are cutting on the
gear generators, the kinematics of the gear machining operation, as well as the geometry of the
gear-cutting tool, both must obey “three fundamental laws of gearing”. Immediately below,
these laws of gearing are briefly outlined with respect to C, — gearings (that is, with respect to
crossed-axes gearings). The case of C, — gearings is the most general one. Thus, 1, — gearings
(that is, intersected-axes gearings), and P, — gearings (that is, parallel-axes gearings) are also
covered in this consideration.

The first fundamental law of gearing. This law of gearing requires a proper contact of a
gear tooth flank, G, and a mating pinion tooth flank, P. The “Shishkov equation of contact™:

n,-Vy=0 (1)

is commonly used to describe analytically this law of gearing (Prof. V.A. Shishkov, 1948 [1],
[2]). Here is designated: ng is the unit vector of a common perpendicular at a point of contact of
the tooth flanks, G and P, and Vs is the linear velocity vector of the resultant relative motion of
the tooth flanks, G and P. The “Shishkov equation of contact, ng - Vs =07, is known at list since

1948, therefore there is no need to discuss this equation here in more detail.

The second fundamental law of gearing. To fulfill this law of gearing, at every point of the
line of contact, a straight line along the common perpendicular vector, ng, must intersect the axis
of instant rotation, Py, of the tooth flanks, G and P. The “equation of conjugacy”:

Pin XV -Ng =0 )

is proposed by Prof. S.P. Radzevich (2017) to describe analytically this law of gearing. Here is
designated (Fig. 1): pi, is the unit vector along the axis of instant rotation, Py, (as the angular
velocity vector, oy, is also along the axis of instant rotation, the unit vector, py, can be
substituted with the vector, wp), Vi is the linear velocity vector along an instant line of action,
LAinst, through the point of interest, m. In addition, the condition ny -ng =0 must be fulfilled

(here, np is the unit normal vector to the axis of instant rotation, Py,; the vector, ny, is entirely

located within the plane of action, PA, of the gear pair).
In the simplest case of perfect Pz —gearing, second fundamental law of gearing reduces to

“Willis theorem of parallel-axes gearing” (the term “Willis theorem” is an obsolete one;
nowadays “Willis theorem” is referred to as “CES — theorem of parallel-axes gearing”, that
stands for “Camus-Euler-Savary theorem of parallel-axes gearing”).

The third fundamental law of gearing. In order to meet this law of gearing, angular base
pitch of a gear, @4, must be equal to operating base pitch of the gear pair, @y qp, and angular

base pitch of a mating pinion, ¢, ,, also must be equal to operating base pitch of the gear pair,

21


mailto:radzevich@usa.com

«KOMIIVIEKCHE 3ABE3INEYEHHS AKOCTI TEXHOJIOTTYHUX ITPOLECIB TA CUCTEM - 2018»

Poop (Prof. S.P. Radzevich, 2008, [3]). The third fundamental law of gearing is analytically
expressed by a set of two equations (Fig. 1):

Po.g = Po.op
Po.p = Po.op

3)

or simply as ¢y g =@y p =Poop -

Condition of conjugacy
is fulfilled

Condition of conjugacy is violated: Condition of conjugacy is violated:
Tooth flank separation is observed Tooth flank interference is observed

Fig. 1 — Condition of conjugacy of a gear, G and a mating pinion, P, tooth flanks in crossed-
axes gearing.

Around 2008, the concept of the “operating base pitch, @, oy, Of & gear pair” was introduced
by Prof. S.P. Radzevich [3]. The proposed concept is specified for all three possible kinds of
gearings, that is, for: (a) P, — gearings, (b) |3 —gearings, and (c) Ca —gearings.

Conclusion: The briefly discussed set of “three fundamental laws of gearing” is of critical
importance for both, for the gear designers [3], as well as for the gear manufacturers [4].
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YIPABJIEHUE CBOMCTBAMHU IMOBEPXHOCTHBIX CJIOEB JETAJIEN
MAIIWH NP ®UHUIITHON OBPABOTKE

Bcio COBOKYIMHOCTh TEXHOJIOTMYECKMX METOJIOB MOJYUYEHHS JAeTajel MalluH ¢ TpeOyeMbIMU
CBOMCTBAMHM MOXKHO pa3lelNTh Ha TPU OCHOBHbIE Tpymmbl [1-3]: 1) Meroabl moiydeHus
MaTepUajoB JJIs W3TOTOBJIEHHUS JeTallell MaliMH; 2) XUMHKO-TEPMHUYECKHE, 3JIEKTPOHHO-
JTy4YeBble, MOHHO-IJIa3MEHHBIE METOAbl 00paboTku; 3) (UHUIIHBIE METOAbl MEXaHWYECKOU
00pabOTKM TOBEPXHOCTEM.

HenocraTounas pa3paOOTaHHOCTh Ha CETOJHAIIHUI JACHb METOAOB IEPBOM M BTOPOIl TpyII
MPUMEHUTEIBHO K YCIOBUSIM MAacCOBOI'O TIPOM3BOJACTBA, a TakK€ HX OTHOCHUTEIbHAs
JIOPOTOBU3HA M CJIOXKHOCTh peau3alliu, JielaeT Haubosee MpUeMIEeMbIMU AJIi IIMPOKOTO U
YHHUBEPCAJILHOTO NMPUMEHEHUS (D)MHUIIHBIE METOJbl MEXaHWYECKOH 00pabOTKH MOBEPXHOCTEH
neraned map TpeHMs. Poab cMazouHo-oxJaxkparonmx TexHojoruueckux cpex (COTC) B
nporueccax (UHUIIHON 00pabOTKH METAIIIOB U, B YaCTHOCTH, B (JOPMUPOBAHUHU MOBEPXHOCTHBIX
CIIOEB JleTaJlel W TOBBIIIEHUM HMX HW3HOCOCTOMKOCTH OIMCaHAa B HAyYHO-TEXHUYECKOU
JUTepaType KpailHe OrpaHUYEHHO.

Jlerupyrolue 37€MEHTHI, coaepxkamuecss B akTUBHBIX kKomnoHeHTax COTC, cymecTBeHHO,
Ja)ke B MUKPOKOHIEHTpAalMsAX, HW3MEHSAIOT  YIPYro-IJIaCTUYECKHE  XapaKTepUCTUKU
KpUCTANINYECKOl pemeTku xene3a. C Apyroit cTopoHbl, MOIU(UIIMPOBAHHBIE TOBEPXHOCTHBIE
CJIOM HAUMHAIOT BBIMOJHATH POJIb OPraHUYHO CBSI3aHHBIX C 00bEMOM TOHKHX IUIEHOK, KOTOPbIE
BO BpeMs jAedopMaiiy BIMAIOT Ha YIPOYHEHHE U IUIACTUYHOCTh Y)K€ 3HAUUTENBHO OOJIBLIMX
MPUTIOBEPXHOCTHBIX MUKPO0OBeMOB ctanu [4]. Bor mouemy COTC, obecnieunBasi pa3jindHbIe
TOJILIMHBl HAYTJIEPOKEHHBIX M OKCHUIHBIX CJIOEB CTalM, OOYCIOBIMBAIOT (HhOpMUpPOBaHHE
Pa3IMYHOM IEPOXOBATOCTH U TPUOOIOTUYECKUX CBOMCTB €€ MOBEPXHOCTH.

Ha ocHoBanun mnposenenHeix B MCM HAH Vkpauner u YxpHUMUHII "MACMA"
Uccre0BaHmil OblTa pa3paboTaHa yHUBepcaabHas Mukpoamyabcuonnas COTC "TPUBOJI" [5].
Pazpaborannas COTC npornuia 1aboparopHble UCHIBITAHUS HA KOPPO3UOHHYIO, OaKTEPHUIIHIHYIO,
AHTHTICHHYIO CTOMKOCTh, CTAaOMJIBHOCTh NPH XpaHEHHH KOHIIEHTpata u 3-6%-HOro BOTHOTO
pacTBopa M IPpU3HAaHA COOTBETCTBYIOLIEH IEHCTBYIOIINM CTaHAApTaM.

[TockonbKy B OOJIBIIMHCTBE CIIy4aeB MPU HW3TOTOBJICHHM CTAJIBHBIX JeTallell Mpeln3uOHHBIX
map TpeHuss mocie  o0pabOTKM  TMOBEPXHOCTEH  MeToJaMHM  XOHUHIOBAHUS WU
cynepduHummpoBanus [6] mpuMeHsieTCs IOBOJKA MacTaMd Ha OCHOBE KapOuaa TWTaHa WA
aJIMa3HBIX ~ MHKpPONOPOIIKOB  ObUIM  TPOBEIEHBl  HCCIEAOBAaHMS IO TNPUMEHSEMOCTH
paszpaboranHoit COTC "TPUBOJI" B moBomouHbIX cocTaBax. JlJis MOBOAKKM METaUTMUECKHUX
MOBEPXHOCTEH, KaK IMPaBHJIO, MPUMEHSIOTCS XHUPOBbIE MacThl 3epHucTocThio 10/7 u 5/3. C
L[EbI0 BBIICHEHHUSI BOIMPOCA MOBBIIIEHHS IKCILTyaTallMOHHBIX CBOMCTB CTalbHBIX JeTajieill map
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