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MODELIMG OF THE FRICTION PEOCESS
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Summnary. The algontlim of calonlation of speed of shidine betareen the mufares of fucton of gearwhesls of
hypeth oloid &l fransimssion Is preserted. S peed of shiding in the cortact of fiacton 15 cre of the factors mfluenc-
itz the processes of fuchon m cortact and wear ofworlang surfices of pomts. & coreet determination of its
vahiewill alloer to fopecast operating des cviphons of geanns.
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INTRODUOCTION

The contacting points of wheels forn a kinemwatie pair [1, 2] with livear or point character of
the working swfaces touch. Both woobling and sliding appears ag a result. It mealts in the wear of
working swrfaces and, consecuently — the collapee of sections of the different technical systerns of
the nsedgearings. Therefore, the desizners face a task of dirnirdshing friction sliding and friction of
woobling costs. One of the main pararaeters, indlue neing the processes of friction, is shiding speed
in contart. Dleterraination of speed sliding iz an iportant task for the construction of theoretical
presentation of the processes of frction and wear.

ORBRIECTE AND PROBLELS

We will consider hyperboloid gearing. The lame enough lewel of sliding has this type of
gearing as compared to other types of gearings, and, consequertly, is to a greater degree exposed
to the processes of friction and wear.

Lug raain motion relattve speed of sliding, direction of which coircides with direction of points
of cylindrical wheel, is accepted (Fig. 13
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Fig. 1. Eelative speed of shding

The third class of kineratics charts, which is characterized b the fact that motion of surface
of contar ting points is instantaneons spiral wotion which is the remult of two rotations round cross-
ings axes, is applied in this case. In this research relattve rotion of cylindrical wheel in relation to
guasi-hypetholoidical canbe presented as woohling with sliding of ewlinder ora guas-hege tholoid
(Fig. 13, &xes of directiooth straight-toothed cylindrical wheel 1 and quasi-hypetboloidical wheel
2 cross inospace under an angle.

The resulting in the process of hooking type of sliding s determined from Fig. 1 according
to the following equation:

[Iﬂl'ﬂ]*z:m[m]i +|},~y[m]a +|},:[m]ﬁ_ (1)

Projections of relatiee speed:

U = fgin g + £, 008 @)1 - u, 008 ¥+ [@n, cos pF, — f cos @ l—
—(1—uy cos ¥ ffy + FATICF cos ¢ + F sin g,

U ={ fleos g — fangy X1 —u, 008 p) —a g, co8 x, (2

WFUR ={ foos g — f,sih gn 4a_Ju, sin y.

Lpplving ecuation (1), the speed of sliding iz deterrrined according to the types of wheels.
Because at ¢,= consf equation (1) determines relative speed in contact point lines, at relative speed
in a type of points of wheel, and will epress the principle of welatiee speed change on the length of
tooth of cylindrical wheel.

Expresaing the right part of equation (1) as zero, we get the equation for determination of
pararneters, characterizing points on the swfaces of cylindrical wheel, in which diding speed is
equal to the zero. It means that it is necessary to change the geornetrical parawe ters of cylindrical
and uasi-hyperboloidical wheels, so that the possible motion sliding speed was the minraam one.

For the reception of true walues of projections of relative speed it is necessary fo increase
right parts of egualizations (2) on the angulator of cylindrical wheel o3,
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We will consider the speed of raovement of contacting guasi-hyperboloidical snfiees in
dJrectcu:nT perpendicular to the lines of contact. We will enter the followings denotations:

I_f: . —vector of point’s speed at motion on the basic smface of tooth of o lindrical wheel,

P vector of point’s speed ofbasic swrface of quasi-hypetholoidical wheel

U vector of speed of the relative sliding.

Between the resulted syeeds of contact points there is the following connection:
I—}['}] I—;[IZI ?Ii] — ?‘2] _ _V.ﬂ] +?I‘2] (3}

Rate of movernent of point of contact on the swrface of points of clindrical wheel itis pos
shle to get in the mobile systerm of co-ordinates » p 2,

PO = A i+ F A (h
where: #7, #* are partials of vector §to ondw o accordingly,

Let a unit wvector to be set in the system of co-ordinates xp 2z g We will define
the speed of movement of point of contact in the direction perpendicular to this vector.
Multiplyring scalat ecuality (4) by a vector § we will get:

(7 @A+ “md i de = 0, (3)

We will add to this equality correlatior, got at differentiation of equalization of the
machine-tool hooking:

Fldald + Fod uldt+ F¥dg 1df =10 ()

I correlation (5) and (6) there ate three unknown values, dp /. Det one of the
unknown, putting, for example, dpfdf = 1. The other unknovwn will be defined by the
gystem of equaticns (20 and (6). The decision of these equations looks like:

dAldt = (B FH IR D F* - (R F, (7
d wldf = (3G F [(F§IF “~(F ) F '],

From expressions (4 (7) ensues:
PO = PUIEDP-GAPIF G -RE. (@)
Let’s transforn the expressions of the second factor of equality () to the next kind:
77640 ~ A g = | Fjlg = 0,
where: - module vector is perpendicular to the swrface of tooth of cylindrical wheel,

I_I- urit wector is perpendicular to this swface.
Taking into acconnt this equation we will get:
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P = Pl | BRI F - (74 P,
©)

Pl = PR D ML 0 F - (7 4 P+ P09,
Lt reszarch of the sypecific dliding of the cut points and other indexes of capacity of transis-
sions there are tasks of determination of rate of meovement of points of contact i the divection of
the setwector We will define this speed. Let a it wector, perpendicular, to be set as . It is reguired

o define ?m 2 in the direction of the set wector. [n the e xarined case a wector, e lnded in cox
relations (9), iz equal to:

g =[ax]]=[ax (ﬁ*xﬁ-‘*)]1f|£r|. (10
Exposing dowble vectorial work, we have:
g = [ (@) - 5 Han ]| ]
Taking into accourt this equality we get:
|t 51 = 177 @G+ 0w B |, ,
(FI)F "~ (7 F ! = [ M EF* + (& WG F |

where: F, G, are coefficients of the first quadratic form of contacting points and swrfaces of
cylindrical wheel.
Whereupon the ahove correlations (9 canbe brought to the kind:

PO = [ NGE + (@M ER R (@8 EF A+ (8 G P, (11)
P = ARG+ RE . FO (@) E F 4 + (@G F ]+,

We will define the total rate of movernent of points of cortact in the direction pe rpendicular
to wector . For this parpose we will take advantage of correlations (). In cbediznce to these cor
relations the wector of total speed of moving of points of contact in the direction perpendicular to
unit wector is equal fo:

= J70 4 = 2 P F) | NI G F - (7 50 F 45, (12)

For finding the tnae walue of speed let’s project wvectorld on the undt vector, perpen-
dicular to vector &

+

§ =3x8 (13)

Increasing the scale of both parts of equation {12) on wvector (13), after transformations we
buave :

= 2F* HPN S DR DI (BN P ISR - (F4F ). (1)
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Deperdence (14) deterrine s the total rate of mosernent of points of contact in athitrary divec-
tion, dete rmined by unit vee tor 5. Furthermore, we will define the total speed of points of contact in
the direction of vector @ under the comery 1o the vector tangent to the contact line of' basic swrfaces
of kineratics pair. We will present wector @ as:

+ apdd o ’ dA
a=(r,’d—u+r,“]l.f E'I:E P+ (15

The cormer betweenvectors F and 1 can be defined fror the correlation:
[ % 2]
(flr §}
Transforming the right part of flds ecuality with the use of correlation (157 and having in
tnind that:
=R,
we: will get

i di

tewr = (H[(F, d—u+F”]|I{E,F‘*H— GF.

Deciding the last equation relative, we get:
daids= G Fligy + [N FHI((NF' - EF gy, (17

Correlations (17) can be used for the athitraryvalue of corner y. 5o, for example aty =0 we
get the conesponding direction of vector %, In thiz case vector & is directed onwvector £ Potting
(17) 1 eguation (15), after transformations, we hawve:

d =af’ +bE*, (18]
where: coefficients @ u b are deterrnined as equations:

a =—{GFigw+ (N[ Fa.,

. (1)
b=((F(F'- EFigyla,

a.=(EGF o +|HF* +(GF|F]- EGFge) 1™ (20)

From correlations (13) at replacetnent of wector § and wector & after transformations of de-
pendence (15), we get
L 2P ARG T - B (V] [(F'g)P - (7' P EG,
i 7' g) F -7 1| #]
Supposing that in corelations (197 and (210w =0, we have the following forrwmla for de-
termination of total rate of mowve ment of points of contact in divection, perpendicular towector 1.

{21)
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IR 4 [GFETN 4 EFAEEY. FIQFe - F *jF;;g“@'FJ
- 22
e U730~ 5 F 1] ’ =

where: the module of vector;

E, G - coefficients of quadratic forms of basic surface, ecqual,
E=f'+55 £=0, G0,

F* P F'- parfials, found from ecualization of the raachine-tool hooking

F# =y sny(- £ sng + £ cosg) -

- & iy oy £ cnsg:l + £ sing), 23
Fle (- uyeosp[ £+ 56 + £ (5-9)+ £71-

-yt Siny( S cosg, + £ sng - 2, cosp( S sing, - £ cosgy),
F¥ =y siny(# cosq + £ sing)

FrRe_gupd
L= 1 ® s aunitvector of tangent line to the contact line,
a

fl=g=
Putting wector § ity (22) and taking (23) into account we get:
2R+ PR - PRER : (24)
NELE(FH +(F
2P £ - IR (A AR
L SR+ FEF AR+

iy

we: will get:

(B = [= £ £+ £ 5 - 51— vy cosp) — puy siny( £ cosg —,
— £ sitgy ) — a_uy cosy( £ singy + £ cosg); 23}
BV = [( £ - g )cosgy — £ singy +a Ju, siny

at

R A - FRET o A FR T =0 i26)

The total rate of rmovement of poinds of contact o= 0.
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COMCLUEIONS

Correlations (26) canbe applied for the points of contact, for which =0, ie. those points
in which there ocour the most unfavorable conditions for work of cylinde rgiperboloidical frans-
rission.
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MODEL OWANIE PROC ESOW TARCIA W KONTAKCIE
ZEBOW SERZYNI ZEBATE]

Streszemnae, Prmestaanono algorybm chhiczerma smbhosel styln nued=y poanerzelnuanm tae=g kot zebateh
hipethobicere] preekladi seybkodd polarmerna komtaldowrezo tareza ckamije sie e jest jedwym = wasneh
coymmikaer olres lggeych wphper ma procesy tarces 1 migrela powriersclo meh O, Prasridbowe oloeslenie tyeh
Zavwask pomarcll na progromerarie eksploatayjimch charakterystyk preeldadim.

Siowa Khaerowe: prmeldadina = at, taweze polyomeria, tawese tocme, lipesbalicmna preeldadina mebata



