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THREE FUNDAMENTAL LA WS OF GEARING: FOR GEAR DESIGN AND GEAR
PRODUCTION

Production of gears is tightly associated with the gear design. When gears arectuthieg
gear generators, the kinematics of the gear machining operation, as well as the geometry of the
gearc utting t ool ,thrde duhdamemal Bws ofogeagiyg fi | mmedi at el
these laws of gearing are briefly outlined with resped@i® gearings(that is, with respect to
crossedaxes gearings The case o€, 1 gearingsis the most general on€hus,l, T gearings
(that is,intersecteeaxes gearings andP, i gearings(that is, parallel-axes gearingsare also
covered in this considation.

The first fundamental law of gearing.This law of gearing requires a proper contact of a
gear tooth flank(, and a mating pinion tooth flanR, T $hishkdv equation of contact

n,-Vy=0 (1)

is commonly used to describe analytigahis law of gearing (ProlV.A. Shishkov, 1948 [1],
[2]). Here is designatedty is the unit vector of a common perpendicular at a point of contact of
the tooth flanksG andP, and Vs is the linear velocity vector of the resarit relative motion of
thetooth flanks,G andP. T $hishkdv equation of contactg - Vs =00, is known at list since

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

The second fundamental law of gearingrlo fulfill this law of gearing, at every point of the
line of contacta straight line along the common perpendicular veatpmust intersect the axis
of instant rotation P, , of the tooth flanksG andP. T dyeation of conjugady :

Pin *Vm-ng=0 (2)

is proposed by Prof.P.Radzevich (2017) to describe &rrally this law of gearingHere is
designated (Fidl): pin is the unit vector alonghe axis of instant rotatior®, (as the angular
velocity vector, ¥, is also alongthe axis of instant rotation, the unit vectpy,, can be
substituted with theector,¥ ), Vi is the linearvelocity vector along an instant line of action,
LAinst, through the point of interest). In addition, tie conditionny -ng =0 must be fulfilled

(here,npy is the unit normal vector to trexis of instant rotatiorRin; the vector,ny , is entirely

located within the plane of actioRA, of the gar pai).

In the simplest case of perfe€y —gearing second fundamental law of gearing reduces to
AWillis theorem of parallebxes gearing ( t h eWillis ¢ghearend i i s an obsol
nowad€Wilisstherendé i s r ef eces-éhdoremh of paaaliebhxés gearing, that
s t a n dGmudskEuler-Savarytheorem of parallebxes gearing ) .

The third fundamental law of gearing.In order to meet this law of gearing, angular base
pitch of a geargy, g, must be equal to operating base pitch of the gear @ai,, and angular

base pitch of a mating piniom, ,, also must be equal to operating base pitch of the gear pair,
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Pp.op (Prof.S.P Radzevich, 2008, [3] The third fundamental law of gearing is analytically
expressed by a set of two equatififig. 1):

Po.g = Ph.op 3)
Po.p = Ph.op

or simplyas ¢, g = ¢h p=Ppop-

Condition of conjugac
is fulfilled

Condition of conjugacy is violate  Condition of conjugacy is violatec
Tooth flank separation is observ  Tooth flank interference is observ

Fig. 17 Condition of conjugacy of a geds,and a mating piniorR, toothflanks in crossed
axes gearing.

Around 2008, the concept ofehopierating base pitchg, oy, of agearpaic was i ntr odu
by Prof.S.P.Radzevich [3] The proposed concept is specified for all three possible kinds of
gearings, that is, for: (afp; — gearings (b) |3 —gearings and (c)C4 — gearings

ConclusionThe briefly dires fundamerdal laws eftgeaingy i & of cr it
importance for both, for the gear design@is as well as for the gear manufacturers [4].
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o fjthk yjtelk, HSMWGEeO ' Is! M L O t©OREZdats§

do dp d (zwhidspfigfls Odzdzv o j eMisOls* ® L Yl v "R OLOCIs
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1 M 1 1 M 1 1 M 1
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09 24l 345 121,37 6,86 166 6,61 136,33
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