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HBIX cTajieil Ha mpuMepe ctaiau 45. B xauecTBe abpa-
3MBHOTO MHCTPYMEHTA MCITOJb30BaH 3JICKTPOKOPYH-
JIOBBIIT KPYT ¢ K€paMUUYECKOil CBsI3KOM. [Ist Moaenu-
POBaHUS UHCTPYMEHTAJIbHOU IMMOBEPXHOCTU TPUMEHEH
MaTPUYHBIA MeTOI TpeoOpa3oBaHUsI KOOpAUHAT.

PesyabraTtnl. bolia penieHa KOHTaKTHas 3a1a4ya B3a-
MMOJEHCTBUSI UHCTPYMEHTAIBHOIO 3¢pHA U 3aTOTOBKU.
Pemiena 3agavya MoaeMpoBaHus Mpoliecca pe3Ku B yc-
JIOBUSIX 00pa30BaHUS CTPYXKU U, KaK CJIeICTBUE, 00-
pa3oBaHue HOBBIX MOBEpXHOCTEM. OnpeneneHo pacnpe-
IeJIeHNe TUTACTHUYeCKUX medopMarinii, TeMIepaTyphl,
nedopMalnit caBuTa, CKOpPOCTU aedopMalinu, BHY-
TPEHHETO HATIPSDKeHUS, TTOTydeHBI TpahUKK CHJT pe3a-
HUS M1 KUHETUYECKOI SHEPTUH.

Hayunas noBusna. IlomyyeHa obiiasg mMomenb WH-
CTPYMEHTAJIBHOM IMOBEPXHOCTU, pacuyeT KOTOPOU B Cpe-
ne MathCAD no3Boiui noiyduTh rpapuueckoe mpe-
CTaBJIEHUE PA3IMUYHBIX MHCTPYMEHTAJIbHBIX TOBEPXHO-
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Purpose. Determination of laws of movement of contact points of the conjugate profiles of the wheels of a gerotor
gearing in the process of relative motion, analytical determination of motion velocities, identification of the nature of
friction which results in gearing, identification of profile zones with the highest degree of friction.

Methodology. The research is based on the theory of non-centroidal cycloidal gearings, statements of differential
geometry, and the laws of motion of the material point according to the trajectory which is defined by the function.

Findings. The result of the research is the identification of the accurate mathematical relations of the relative ve-
locities of the contact point of two conjugate profiles in gerotor gearing. It was identified that there are two simultane-
ous velocities of contact points along the cycloidal profile and along the profile of the lantern gear. In this case the
velocity vectors are located on the common tangent at the point of conjugation. They are different by module and
their index depends on the phase of operation cycle.

Originality. The laws of movement of contact points in gerotor gearing were determined and the changing velocity
mode in gearing was reliably established. In the process of research the universal formula of the relationship between the
motion velocity of the points along the curved trajectory and its equidistant curve which takes account of trajectory cur-
vature was obtained. It was established that in the interaction of the convex area of the equidistant curve with the cycloi-
dal curve with conjugated lantern there is a sliding friction, while in the generating process of the concave area there is a
rolling friction. The linearization functions which allow stabilizing the changing velocity mode were obtained.

Practical value. The research results enabled us to assess the impact of the velocity mode on the degree of friction
in the points of conjugation of the profile surfaces, to localize the areas with the highest degree of friction and to find
the ways of reducing the destructive impact of friction and to increase the stability of the profiles while gearing. The
results may also be used in the process of development of the processing technology of the cycloidal profiles in the
conditions of generating process with the linearization function of the velocity of relative generating process of the
tool profiles and the workpiece. The linearization will stabilize the load and increase the processing accuracy.
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Introduction. Gerotor gearing based on the non-cen-
troidal epi- or hypocycloidal gearing is the main com-
ponent of a separate class of hydraulic machines which
are gerotor pumps, motors, dosing pumps and bottom-
hole motors for deep-hole drilling. Research studies
relating to the gerotor gearing, are displayed in the list of
papers [1—4]. Papers [1, 4] present the design of the
gearing and synthesis of job profiles. In paper [2] force
interaction, occurring during the working of gearing is
presented. Work [3] is devoted to research on the
operating characteristics of gerotor huidraulic machine.
Despite wide expansion and well-known design meth-
ods the detailed study of the kinematics of gearing has
got little attention. Particularly, the kinematics of con-
tact points of the conjugate cycloidal profiles arouses a
considerable interest. It is apparent that understanding
of the processes at the points of contact interaction will
allow disclosing the nature of negative processes con-
nected with friction and weariness. At the same time the
results of the research may become of interest in the
process of developing the technology for producing the
profiles of the gears of gerotor gearing in the conditions
of generating process.

Analysis of the recent research. Analysis of the kine-
matics of the contact points in the gearing of gerotor
pump is given in work [5]. The authors state that there is
a specific sliding in gearing which is conditioned by the
changing velocity mode and unequal curves of the pro-
files. There is also research on the impact of the design
factors of the trochoidal (epicycloidal) gearing on slid-
ing velocity. Mathematical models of sliding velocity are
given only for trochoidal profile as the most wearable
geometric element of gearing.

Unsolved aspects of the problem. The results present-
ed in the work [5] do not disclose the mechanics of the
contact interaction to the full extent, in particular:

- the analysis of velocity mode in gearing is given
only for the profile surface outlined by the equidistant to
the trochoidal curve as the most compliant for the nega-
tive impact of sliding friction;

- this research is related only to the gearings on the
basis of epitrochoid (shortened epicycloid).

The objective of the article is to make a detailed anal-
ysis of the kinematics of contact interaction in the gear-
ings of the gerotor pair based on the shortened hyper-
and epicycloids; to determine all velocity constituents
that exist at the contact point; to determine the depend-
ence between a velocity mode and separate constituents
of the velocity of the contact point.

Presentation of the main research. At the initial stage
we consider the gearing scheme of the gerotor pair and
single out the main constructive parameters for further
calculations. The gearing schemes based on different cy-
cloidal curves are presented in Figure 1. The gerotor pair
is a type of internal gearing in which one of the gear pro-
files is outlined by equidistant to cycloidal curve — short-
ened epicycloid (Fig. 1, a) or hypocycloid (Fig. 1, b).
The profile of the conjugate gear is outlined by the curve
of the constant radius. The initial data for calculation
and constructional design is the number of teeth of the
internal satellite z,;, eccentricity of the gearing e, radius
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Fig. 1. The scheme of gearing of the gerotor pair with the
description of the main design specifications:
a — on the basis of the epicycloid; b — on the basis of hypercy-
cloid; 1— internal satellite; 2 — external gear with the internal
tooth rim; 3 — cycloidal curve; 4 — equidistant to the cycloidal
curve; e — eccentricity of the gearing; R, r — radius of the cen-
troid wheels; R,. — radius of lantern centres; r, — radius of the
lantern; @ — angle of rotation of the movable centroid

of the lantern centres R,., radius of the lantern 7. The
radii of centroid wheels  and R, are determined by cer-
tain formulae and connected by the relation
r=e-z,; R=e-z,; —=—,
1 2 p z

where z, is the number of teeth of the external wheel,
H=1 + 1.

According to the theory of non-centroidal gearing
[4], the cycloidal curves are described by the parametric
equations:
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- for the shortened epicycloid

x(@)=R,, -cos(¢/z,)—e-cosp;
W@)=R, -sin(¢/z,)—e-sing;

- for the shortened hypocycloid
X(@)=R,. -cos(¢/z)+e-cosq;
y(@)=R, sin(¢p/z)—e-sing.

The factual profile outlined by the equidistant to the
cycloidal curve which is remoted from it by the value of
lantern radius 7. The equidistant curve is described by
the equations [1]

50) = x() 52D, (1)
VX'(0) +y'(9)
1 - x'(¢)

n(e)= y(@)iﬁ,
VX'(0)” +y'(¢)

where x'(¢) and y'(¢) are the first derivatives of the co-
ordinates x(¢) and y(¢).

The change of signs corresponds to the external and
internal equidistant.

The gearing based on epicycloid (Fig. 1, a) is specific
because the lantern gear in case is the external gear with

()

an internal tooth rim. The gearing based on hypocycloid
(Fig. 1, b) is opposite where the lantern gear is the inter-
nal satellite.

Another stage of research is the analysis of the roll
motion in the process of gearing in operation. It is clear
that the character of the interworking is a point interac-
tion and the kinematics of the contact point is the main
object for the research.

Let us consider the scheme of relative motions of the
conjugate profiles of the gears of the gerotor pair (Fig. 2)
and determine the character of the contact point move-
ment. In this case the motions of the gears in meshing
are presented in the form of separate fixed positions
which are defined by the phase of the working cycle. The
contact point changes its position on the profiles of both
gears at every phase. If the motion of the lantern is con-
sidered relating to the unmoved cycloidal profile, then
the contact point moves along equidistant to cycloidal
curve with the velocity V' (¢). But in relation to the un-
moved lantern the same point moves in the opposite di-
rection along its arc with the velocity V"(¢), and in this
case V(@) = V'"(¢). The contact point moves simulta-
neously along equidistant to the cycloidal curve and
along the arc of the lantern with different velocities. The
directions V' (¢) and V"(¢p) always coincide with the tan-
gent line at the contact point of the equidistant and the
lantern. Let us determine V'(¢) and V" (¢).

Firstly, let us determine the translational velocity of
the motion of the lantern centre along the cycloidal curve

Fig. 2. Scheme of relative motions of the conjugate profiles of the gears of the gerotor pair:
a — based on epicycloid; b — based on hypocycloid; 1 — cycloidal curve; 2 — equidistant to the cycloidal curve; 3 — internal satellite
and its positions; 4 — external gear and its positions; Al, A2, A3, A4 — positions of the lantern centre on the cycloidal curve; A'l,
A2, A3, A4 — positions of contact point along equidistant to the cycloidal curve; A"1, A"2, A"3, A"4 — positions of contact point
along the arc of the constant radius; V(p;) — instantaneous velocity of the motion of the lantern centre along the cycloidal curve;
V'(¢;) — instantaneous velocity of the motion of contact point along equidistant to the cycloidal curve; V'(¢,) — instantaneous ve-
locity of the motion of contact point along the arc of the constant radius; p — the pitch point of the centroids; v; — translational
velocity of the pitch point motions; V,(9;) — projection of velocity v; B(¢;) — projective angle between the directions of the velocities
vand Vo(;); o(¢;) — angular velocity of the rotation of the section (between the arc centre and pitch point) around the arc centre
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V(). We will form the calculation scheme to determine
the velocity and introduce corresponding identifications
(Fig. 3). The velocity of the working cycle is given by the
input frequency of rotation (the frequency of rotation of
the input shaft which makes the gearing operate). If we
consider the motion of the lantern gear relatively to the
unmoved equidistant profile, then this gear makes trans-
lational motion around the circle with radius e, with the
input frequency and rotational motion around the instan-
taneous centre with the output frequency. The centres of
the lanterns move along cycloidal trajectory and the vec-
tor of their velocity coincides with the tangent line to the
trajectory at the instantaneous points.

Let us determine angular velocities @, and ®, of the
rotational motions in relation to the centres O, and O,

o, :2-n~%; (3)
- for epicycloid
oazE =2-n-n,, =2-n6(})1':"z2 ;
- for hypocycloid
n

H— =).
o, —2-n~n0m—2 e

60-z,

The superscripts “E” and “H” show the type of the
cycloidal curve which is the basis of the gearing — epicy-
cloid or hypocycloid correspondingly.

V1x(¢) + sz((P)

Fig. 3. The scheme for determining the velocity V(@) of

the motion of the lantern centre along the cycloidal
trajectory:
1 — lantern gear; 2 — cycloidal trajectory; n;, — frequency
of rotation at the input shaft; n,,, — frequency of rotation of
the lantern gear around the instantaneous centre; v; —
translational velocity of the motion of the lantern gear
around with the radius e relatively to the centre O v, —
translational velocity of the motion of the lantern centre
relatively to the centre of the instantaneous rotation O,
v (0), vi.(9), v3 (@), v} (¢) — projections of the velocity
vectors v; and v, onto the coordinate axes
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Applying the formula of the connection of the angu-
lar and linear velocities we can determine translational
velocities of the motion of the centre of the lantern gear
around a circle e and the point of the circle

v =e-o;

E_ E.
v, =R, -0y

vf =R, ~0)f .

Depending on the phase of the generating process o,
the values of the determined velocities stay constant by
measure and different by directions, which influences
their resultant. That is why the squared absolute value of
the resultant velocity should be determined as the sum
of the squires if the projections of the velocities on the
coordinate axis.

Let us determine the projections of the velocities v,
and v, taking into account the phase of the generating
process ¢

Vi (p)=e-m, -cosQ;

vW(p)=e o, -sing ;

vy (@)=vy .cos[zﬂJ =R, &.COS[EJ @

2 2 )
()
vl () =vE -sin[ﬂJ - Rlc—l-sin(i} (5)
) ) )

The direction of the determined projections coin-
cides and, therefore, we can determine their sums by the
coordinate axes

V() =v () +Vv5(9);
V,(@)=v](¢)+v;(9).
For the hypocycloidal gearing in the formulae (4)

and (5), instead of vf it is necessary to use vzH . The
resultant V(@) will be determined by the formula

Vi) =V, (@) +(V,(9)* . (6)

After assigning the constituents the expression (6)
takes on the form

Vig)=

where w(p) is a variable value which characterises the
square of the length of the line segment pA4; which con-
nects the pitch point of the centroids p and the current
position of the lantern centre A,. Depending on the type
of the curve, the value w() is determined by the follow-
ing formulae

wE(@)=RE+R*~2-R,-R-cos(9-2,/2,);
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w(@)= R, +r* =2-R -r-cos(@-3, /7).

To determine the first required velocity V'(p), we
may use formula [1]

V()= @) (@)’ |

where & (¢) and # () are the first derivatives from the
coordinates &(p) and 7(op) (1, 2).

For a more rational determination of V'(¢p), we use
the formula of the connection of the translational and
angular velocities. Suppose that the radii of the curva-
ture p(p) at points A4,, A,, A;, A, are instantaneous radii
of the rotation of the points (Fig. 2). Then the angular
velocities of the rotation of these points and points 4',
A, A%, A, which have common radii, will be equal and
will be determined by the formula

V@ _ V@

©p(®) plo) plo)—r

Radius of curvature p(¢) is determined by the well-
known formula [4]

3
()c’(cp)2 AN )2
x'(9)-¥"(9)—x"(9)- y'(9)

p(p)=

where x"(¢) and y"(p) are the second derivatives from
the coordinates x(¢) and y(o) .
Now we can determine the first velocity V(o)

V(o) —
V(o) (cp);;(ag)p) n)

(7)

The second velocity V'(¢) is determined by using
the conformity that the normal at the contact point al-
ways goes through the pitch point p of the centroids r
and R (Willis theorem). The linear velocity v; of the
pitch point p along the centroid » will be determined as
r- o, (for hypocycloid v; = R- ®,), and the velocity V()
will be determined as the product v;-cos(B(¢)).The an-
gle B(¢) between the direction of the velocity v; and per-
pendicular to the line segment pA, can be found with the
help of the sine and cosine theorem

R, -sin(-z, /zz) .
VW (@)
R, sin(¢-2,/z,)

VW (o)

The expression in the denominator shows the length
of the line segment pA, which is dependently on the po-
sition of the pitch point p changes its value. Let us rear-
range the formula to determine the velocity V(o)

BE (¢) = aresin

B (¢) = arcsin

VE(@)=r o -cos(B”());
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VA (@)=R o, cos(p” (9)).

Having determined the velocity V,(¢) and knowing
the length of the line segment pA, at the corresponding
phase of the generating process we can determine the
angular velocity w(¢) of the turn of the line segment pA,
relatively to the lantern centre A4,

of (g =D
VwE(e)
yVH

o' (g) =D

(o)

The absolute value of the second velocity |V ()| will
be calculated by the formula

Vo) =of (@) 5 ®)

V@) =o (@) )

Because of the special features of the functions of in-
stantaneous angular velocities o”(¢p) and o”(¢), the ve-
locities determined by the formulae (8) and (9) always
have absolute positive value which do not take into con-
sideration the vector direction.

In order to understand the friction nature of the con-
jugate profiles, it is necessary to determine relative val-
ues of the vectors V' (¢) and V(). If these velocities
have equal value then it is a rolling friction, if the values
are different then it is a sliding friction. Velocity V()
has a relative value as formula (7) takes into account the
value of curvature. The relative value V(o) will be de-
termined by the following formula

Vi(e)=V'(p)-V(p)-3;
3=V"(9y) [V "(0y)| =V (9y); 9, =0.

According to the formulae we build the dependency
graphs of the velocities M), V(@) and V'(p) of the
working cycle phase shown in Fig. 4. The graphs are sys-
tematic cyclic curves with clear extreme points, which
means a sharp acceleration of the contact point at certain
phases. The analysis of the graphs shows that the maxi-
mum velocity is achieved at the moment of the contact of
the central symmetrical section of the lantern arc with the
central point of the concave section of equidistant to the
cycloidal curve (¢ = 0). It should also be noted that the
velocities V(@) and V'"(e), under the interaction of the
convex section of cycloidal curve with lantern, have op-
posite values, which means that there is sliding friction
and more excessive wear. Moreover, both types of curves
are of the same nature. In case of the contact with con-
cave section the situation is better. Not considering the
extreme point and considerable acceleration, the values
of velocities are equal, which means there is rolling fric-
tion. The data we received are proved by the intensive
wear of the satellite teeth edges in real conditions.
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Fig. 4. Nature of changes of translational velocities V(p), V' (¢) and V(o) depending on the phase of the working cycle

of gearing:
a — based on epicycloid; b — based on hypocycloid

Velocities V' (¢) and V"(¢) can be linearized specify-
ing the frequency on the input shaft in the form of de-
pendence. But it is impossible to linearize two velocities
at the same time. So if V(@) = const, then V" (¢) # const.
To determine the function of linearization of the veloc-
ity (o), we should take the value #,, out of the formula
(7) and after that the value V' will be given as constant
and independent of the parameter ¢. In return the fre-
quency will take the form of dependence #;,(¢). The
functions of the frequencies for linearization of the ve-
locities V(@) and V"(¢) for the gearing based on epicy-
cloids will be the following

30-V’~z2 )
k(@) WE (0)

30-V"-z, -\/wE((p)

n, (¢)=

n (@) = =
Rli ~sin(”}
<
T R . rl . Zl . I_E—z
w” ()
where k(o) =M.
p()

The obtained functions (n',(¢) or n”,(p)) are sub-
stituted in formula (3), instead of n;,. Dependencies
V(@) and V'"() in this case will take into account the
functions of linearization. The linearized functions are
shown in Fig. 5. The graphs were built for the value of
5 mm/s.

The visual graphs are different from the linear graphs
because of the disturbances caused by the scale of the
vertical axe. Taking into account the fact that the range
of deviations of the nominal velocity of 5 mm/s does not
exceed 2:10" mm/s for V' (¢) and 4-10°" for V'(¢),
these infinitesimal deviations prove the linearity of the
given functions. For the gearing based on hypocycloid
the function of linearization will be different and be the
following
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" ()= 30-V"-z, _
k@A (0)
0072 Ao @)
2
Ry 'sin[(pélzz J
w' (¢)

From the point of view of operation, the found func-
tions of linearization have little importance. It is ex-
plained by the fact that machines and mechanisms

n (o) =

Tc.r.rl.zz. 1-

V' () (mm/s)
5. 2

5.000000000000016 - =
5.000000000000012 &
5.000000000000009 i

5.000000000000004 1

5 e
4.99999999999%39%6 &
4.99999999959%993 -

4.999999999999988 - =

4.999999939999984 =

4. g | 1
0 5 @(rad) 10 15

a

V(@) (mm/s)
5.000000000040 . :

5.000000000033 - 1

5.000000000026 N

5.000000000019 i
5.000000000012 - } =
5 _

e(rad) 10 15
b

Fig. 5. Linearized velocities:
a — linearization V(o) ; b — linearization V" (¢)

1
0 5
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which contain the gerotor pair are driven by the motors
with constant frequency of rotation and the frequency
cannot be changed depending on the angle of the shaft
turn. However, the necessity of linearization may ap-
pear in the process of production of the profile surfaces
of the gears when it is necessary to reach the velocity
stability of the generating process to avoid extra loading.
There is also a need in the functions of linearization while
creating a gerotor hydraulic machine with the improved
dynamic characteristics and durability.

Conclusions. The kinematic analysis of the contact
interaction in the gearing of the gerotor pair was made.
The analysis includes the following results:

- the accurate mathematic dependences to determine
the velocities of the motion of the contact point of the
conjugate profiles along the arc which are the functions of
the working cycle phase of the gearing were obtained,;

- the dependence that shows the interrelation be-
tween the velocities of the instantaneous motion of the
points by two trajectories — a curve and an equidistant to
it, taking into account the common centre of curvature
of the two trajectories was obtained;

- it was found that the convex section of the equidis-
tant to the cycloidal curve (during the contact with con-
jugate curve of the constant radius) has the sliding fric-
tion and, correspondently, the wear on this section will
be more intensive. The concave sections have rolling
friction which does not change the geometry much;

- the functions of linearization we obtained allow sta-
bilizing the velocity mode and decreasing the degree of
wear, but the practical realization demands special pro-
grammed drivers with a changeable frequency of rotation
of the shaft according to the function of the lineariza-
tion.
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Meta. BuzHaueHHS 3aKOHIB pyXy TOYOK KOHTaKTy

CIIPSIKEHUX MPOdisTiB KOJTiC TepOTOPHOI ITapHu Y Mpolie-
Ci B3a€EMHOTO MEPEMIllleHHs, aHATITUYHE BU3HAUECHHSI
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IIBUAKOCTEH TepeMilllcHHSI, BCTAHOBJICHHS TIPUPOIN
TepTs, 110 Ma€ Miclle B 3a4eIUIeHHI, ineHTUgIKaIis Ii-
JISHOK TTpO1TiB 3 HAOLIBIIO0 iIHTEHCUBHICTIO TEPTS.

Metomuka. JHocmimkeHHsT 0a3yl0TbCs Ha Teopii Mo-
3alEHTPOITHMX LUKIIOIMATbHUX 3a4eIIeHb, TTOJIOXKEH-
HSIX IUepeHIIiaIbHOI TeOMETpil, 3aKOHAX PyXy MaTepi-
aJIbHOT TOYKU 3a TPAEKTOPIEI0, 1110 3aAaHa (PYHKIIIEIO.

Pe3ynbTaTi. BcTaHOBIEHHS TOUHMX MaTeMaTUIHUX
3aJIeXKHOCTEN BiTHOCHUX IIBUAKOCTEN TOUKM KOHTAK-
Ty IBOX CIIpsDKeHUX NpodiliB y 3a4erjieHHI repoTop-
Ho1 napu. BcTaHOBIEHO, 1110 MalOTh Miclie IBi OTHO-
YacHi MIBUAKOCTI TOYKM KOHTAKTY — Y3IOBX LIUKJIOi-
JIaJIbHOTO TIpodiiio Ta y3M0BXK MPpOdiiio 1iBKOBOTO KO-
Jieca, IpMYoOMy BEKTOPM LIBUIKOCTEH JeKaTh Ha CIiIb-
Hill JOTUYHI Y TOYLli CIIPSDKEHHSI, Pi3Hi 3a MOayJIeM, a
iX 3HaK 3aJIeKUTh Bif (ha3n poOOYOTo LIMKITY.

HaykoBa HoBU3HA. Br3HaueHi 3aKOHU pyxy KOHTaK-
THHUX TOYOK Y 3aUeTICHHI TepOTOPHOI ITaph, TOCTOBIPHO
BCTaHOBJICHO 3MiHHMIA IIBUAKICHUIA PEXKUM Y 3aUeTUICH-
Hi. Y Xofi nociimkeHb OTpUMaHa yHiBepcaibHa (hopMy-
J1a 3B’SI3Ky IIBUAKOCTEH TMepeMillleHHST TOYOK 33 KPUBO-
JIIHIAHOIO TPAEKTOPIEIO Ta EKBIAMCTAHTI J0 Hel, 1110 Bpa-
XOBYE KPMBU3HY TpaeKTopii. BctaHoBNIEHO, 1110 Ipu B3a-
€MO/Iii BUITYKJIOI IIITHKY €KBIIMCTAHTU J0 IUKJIOIIATb-
HOI KPUBOI 3i CIIPSDKEHOIO 1IiBKOIO, MA€ MicClie TEpTs
KOB3aHHSI, a TIpY 00KAaTi YBIrHYyTOI JiIJITHKU — TePTSI KO-
yeHHs. OTpuMaHi ¢GyHKIIl JiHeapu3allii, 1110 103BOJsI-
I0Tb CTa0LTi3yBaTH 3MIHHUM IIBUIKICHUN PEXUM.

IIpakTuyna 3HaYMMicTb. OTprMaHi B XO/i JOCTiKEH-
HS pe3yJIbTaTu Jal0Th 3MOT'Y OLLiIHUTU BIUIMB LIBUIKIC-
HOTO peXXMMY Ha iIHTEHCUBHICTb T€PTS B TOUKAX CIIpSI-
KeHHS MPodiIbHUX TTOBEPXOHb, JTOKAJIi3yBaTH TiISHKU
3 HaOIIbIIOW IHTEHCUBHICTIO TEPTS, 3HAUTHU LUISIXU
3MEHIIICHHS IIKiIUTMBOTO BIUIMBY TEPTS Ta IMiABUIINTH
CTiliKicTh podiNiB y 3aueruieHHi. Pe3yibTatu Takox Mo-
XyTh OyTU BUKOPUCTAHI MPU PO3pOOIIi TEXHOJIOTIi 00-
pOOKM LUKIOIATbHUX MpodiliB B yMOBax oOKaTy, 3
¢yHKIIi€O JiHeapu3allii IIBUIKOCTI B3BAEMHOTO 00KaTy
npodiniB iHCTpyMeHTa ¥ neraini. JliHeapu3salisi 1acThb
3MOTY CTa0iTi3yBaT HaBaHTAXKEHHS I MiIBUILIUTYA TOY-
HiCTb 0OPOOKU.

Kmouosi cioBa: mouka konmakmy, weudxicms, ee-
pomopHa napa, yukaoioarsHuii npoghine

Heas. OnpeneneHre 3aKOHOB ABUXKEHUS TOYEK KOH-
TaKTa CONPSIKEHHBIX Mpoduieil Kojlec repoTOpHOM
Taphl B IIPOIIECCe B3aUMHOTO IIepeMEICHUST, aHATUTH-
4yecKOoe OIpeeIeHUe CKOPOCTEl IepeMelleHUS, OTIpe/ie-
JICHUE MPUPOIBI TPEHMS, KOTOPOE MUMEET MECTO B 3a-
LIEIUIEHUN, MAEHTU(MUKALMS yIaCTKOB MpOodUIeii ¢ Hau-
OOJTBIIIe1 MTHTEHCUBHOCTBIO TPEHUS.

Metomuka. MccienoBanus 6a3upyioTcsl Ha TEOPUU
BHELEHTPOUIHUX ITUKIOUIAIbHBIX 3alleIIEHUl, 1O-
JIoxXeHUs X nuddepeHuIrnanbHO TeOMETPUM, 3aKOHAX
JIBVDKEHUSI MaTepUAIbHOM TOUYKU 10 TPAGKTOPUHU, 3aaH-
HOM (PyHKIIMEIA.

PesyabTathl. Pe3yabraToM Mcclief0BaHUS SIBJISIET-
Csl TMOJIydEeHME TOYHBIX MAaTeMaTHMYECKMX 3aBUCHUMO-
CTel OTHOCUTEIBLHBIX CKOPOCTEH TOUYKI KOHTAKTa IBYX
COTIPSDKEHHBIX TTpodWIIeit B 3a1leTIJIEHUU TepPOTOPHOM
Mapbl. YCTaHOBIIEHO, YTO MMEIOT MECTO ABE OTHOBpE-
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MEHHbBIE CKOPOCTHU TOYKM KOHTAaKTa — BIIOJIb LIUKJIOU-
TIAJTBHOTO TIPOQUIISI M BIOJIB ITPOMWIIS IIEBOYHOTO KO-
Jieca, TIpMYeM BEKTOPBI CKOPOCTeil JiexaT Ha ol1eit
KacareJbHOW B TOUKE CONMPSIKEHMSI, pa3IMYHbIE 10 MO-
IIyJTI0, a MX 3HAK 3aBUCUT OT (pa3bl paboyero LuKJa.
Hayuynas noBusHa. OrnipenesieHbl 3aKOHBI JBUXKEHUS
KOHTAKTHBIX TOYEK B 3aLIETUIEHWM TEPOTOPHOM Mapbl, 10-
CTOBEPHO YCTAHOBJIEH MEPEMEHHbIN CKOPOCTHOM pexkKuM
B 3alleruieHuU. B xone uccienoBaHuii moaydyeHa yHUBEp-
cajbHas (hopMyJsia CBI3U CKOPOCTEel mepeMelleHus To-
YeK IO KPUBOJIUHEMHON TPAaeKTOPUM U IKBUAUCTAHTE K
Hel, KOTopasl YYUThIBAeT KPUBU3HY TPAeKTOPUU. YCTa-
HOBJIEHO, YTO TIPY B3aMMOJIEVCTBUU BBIMYKJIOrO y4acTKa
SKBUIMCTAHTBI K IMKJIOUAATBHOU KPUBOM C COMpPSIKEH-
HOM 1LIEBKOM, MMEET MECTO TPEHME CKOJIBXECHMSI, a IIpU
00KaTKe BOTHYTOI'O yyacTka — TpeHue KaueHus. [1omy-
YeHbl (DYHKIIMU JMHEapu3aluu, KOTOPbIe TTO3BOJISIIOT
CTaOMJIM3UPOBATh IMEPEMEHHBIN CKOPOCTHOM PEXUM.
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CKOPOCTHOTO peXXruMa Ha MIHTEHCUBHOCTh TPEHUSI B TOU-
KaX COMNpPsKeHUs MPOMUIBHBIX ITOBEPXHOCTEH, JTOKATH-
30BaTh YYaCTKU C HAUOOJIbIIIC MTHTEHCUBHOCTbBIO TPEHUS
Y HalTU ITyTU YMEHBIIEHUS] BPEIHOIO BIMSHUS TPEHMS,
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s, JIuneapuzanyst To3BOJIUT CTaOUTM3UPOBAThH HATPY3-
Ky 1 TIOBBICUTh TOYHOCTH OOpabOTKU.

KioueBble ciioBa: mouka Kkonmakma, cKopocms, 2e-
POMOPHAs NApa, UUKAOUOAAbHBLI NPOPUAL

Pekxomendosano 0o nybaikauii dokm. mexH. HayK
A. M. Kupuuenxom. lama nadxooncenns pykonucy 16.10. 16.

1 — State University of Transport Economy and Technologies,
Kyiv, Ukraine, e-mail: fomin1985@list.ru

2 — Ukrainian State University of Railway Transport, Kharkiv,
Ukraine, e-mail: alyonaLovskaya.vagons @gmail.com

THE INFLUENCE OF IMPLEMENTATION OF CIRCULAR PIPES
IN LOAD-BEARING STRUCTURES OF BODIES OF FREIGHT
CARS ON THEIR PHYSICO-MECHANICAL PROPERTIES

0.B. ®omin!, a-p Texn. nayk, aou.,
orcid.org/0000-0003-2387-9946,
A. O.JIoBcbKaZ, KaH. TEXH. HayK,
orcid.org/0000-0002-8604-1764,
0. A. ILnaxTiii?, Kana. TexH. HAYK,
orcid.org/0000-0002-1535-8991,
B. I1. HepybaubKuii?,
orcid.org/0000-0002-4309-601X

1 — JlepkaBHUII €KOHOMIKO-TEXHOJOTiUHUN YHiBEPCUTET
TpaHcIopTy, M. KuiB, Ykpaina, e-mail: fomin1985@list.ru

2 — YKpaiHCBKUII [IepXKaBHMI YHIBEPCUTET 3alli3HUYHOTO
TpaHcIopTy, M. XapkiB, YkpaiHa, e-mail: alyonal.ovskaya.
vagons@gmail.com

BILINB YIIPOBA/IZKEHHA KPYIVIUX TPYDb 1O HECYYUX
KOHCTPYKUIN KY30BIB BAHTAXKHIX BATOHIB
HA IX ®I3UKO-MEXAHIYHI BJACTUBOCTI

Purpose. Implementation of the innovative draft system for automatic couplers of railway cars. Such a system is
alternative to an existing one, where energy of longitudinal loads are absorbed by draw gears, the main working ele-
ments of which are absorbing devices.

Methodology. The research presented used the modern methods of the car dynamics and the theory of vibrations
for designing a mathematical model to define accelerations in the supporting structure of the car body with viscous
materials, the theoretical and applied mechanics for modelling dynamic processes in a new draft system, designing in
modern engineering software applications for creating an adequate spatial virtual model of the supporting system of
an railway cars, finite elements for calculations of accelerations occurring in the supporting structure of railway cars
under longitudinal loading, and the F-test for the model adequacy. Generally, the algorithm of the research con-
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