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Abstract. Based on the analysis of virtual geometric displacements when solving a kinematic problem of Applied
Mechanics, representing the uniform rotation of a free rigid body around a fixed vertical axis displaced relative to the
center of mass of this body. Necessary and sufficient conditions have been established for such motion in the form of
portable rotation of the center of mass of the body in a circle and relative motion of the body in the form of its rotation
relative to the center of mass.
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Introduction. The issue of uniform motion of a rigid body in the form of a material point in a
circle around a fixed axis displaced relative to the material point is the subject of special research in
one of the sections of kinematics and is considered to be thoroughly studied [1]-[3]. However, the
representation of a body in the form of a material point, which has no geometric dimensions, excludes
the possibility of rotation of this body (material point) relative to the center of mass during any motion
of the body.

Purpose of the study. Analysis of the kinematics of rigid bodies, the geometric dimensions of
which are finite and can be less than any small predetermined size of space [4] in which a rigid body
moves in a circle with a displaced fixed center relative to the center of mass of this body by the
methods of Applied Mechanics.

Main part. Theoretical studies are carried out on the basis of the application of the basic
provisions of the theory of mechanisms and machines (Applied Mechanics) for the kinematic analysis
of a two-rod mechanism that implements the free motion of a rigid body in the form of a disk, the
center of which is displaced relative to the center of mass of the disk [5].

The kinematic diagram of such a movement is presented in Fig. 1 and contains: a disk with a
diameter d , mounted in a perfect hinge on a horizontal rod 2 at a distance /,, from a fixed axis of

rotation OO a vertical rod, which forms an inseparable connection with the horizontal rod, and the
vertical rod 3 itself is mounted on a fixed support 4 by a revolute pair and can rotate with an angular
velocity in the clockwise direction.

Thus, this kinematic scheme contains two

, @ moving links (n = 2) relative to the fixed support
- ﬁ . 4: one link in the form of a freely mounted disk 1
- 2 and the other link in the form of a lever 2,
0,0, d Ao b consisting of two inseparably connected rods 2 and
3 T ] | 3; as well as two kinematic pairs of the first kind (

4\0 B - [ P1 = 2 ) in the form of revolute pairs p, .
| lps™ ' The degree of mobility (w ) of such a
3 Ho; mechanism according to the Chebyshev equation

B [5], [6] is:
U\l/" w=3-n+2-p =3-2-2-2=2, (1)
Fig. 1.
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From equation (1) it follows that each of the two moving links of the mechanism can perform
only one of the independent movements in the horizontal plane. The main (translator) movement is
in the form of uniform rotation of the leading link of the mechanism - a lever with a point (center of
mass of disk 1) located on its horizontal rod with an angular velocity 0, = ®; = ®, in the clockwise

direction of rotation and only one relative movement of the driven link of disk 1 with uniform rotation
relative to the current position of the center of mass on the wheel ®, from the total number of virtual

uniform angular velocities @, ; rotation of the free disk 1 relative to its center of mass in the direction

of the rotational velocity ®,

:VZ (0, 20,) 2)

<0,) . 3)

Analysis of equations (2), (3) shows that the conditions of equation (2) represent only virtual
possible relative movements of disk 1, which in Fig. 1 are marked with dash-dotted lines and cannot
be its real movements, since the angular velocity of the driven link of disk 1 in a mechanism with two
degrees of freedom of its links under no circumstances can be equal to or even exceed the angular
velocity of rotation of the driving link [5]. Therefore, virtual movements according to equation (2)
must be excluded from the kinematic analysis of virtual relative movements of disk 1 during finding
the real relative movement [7].

In turn, the analysis of equation (3) can be presented as a kinematic analysis of two equations:

0 (Feul< o0 @
v (|_(’)1,i = |_(°1| =0,), )

i=1,2...

The relationship between the kinematics of the transfer and relative rotations of the disk 1
according to equations (4), (5) can be presented on the example of one revolution of the horizontal

rod 2 (the center of mass of the disk 1 around a circle with radius 7 = /,,, ) respectively in Fig. 2 and
Fig. 3.
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Fig. 3.

Let us at the initial analyzed time point ¢ = £, uniform rotation of horizontal rod 2 with angular
velocity ®, (Fig. 2, a and Fig. 3 a) radial arrow 3 (segment oa ) on the surface of disk 7 will be

directed along rod 2 in the direction of the segment Oa ¢ from point O to point ¢ . During the time
t =T period of rotation of the rod 2 with angular velocity ®, and, accordingly, the period of rotation
of a point around a circle with radius » = /,, with angular translational velocity ®, = ®, rotation
of rod 2 relative to the center O and motion of the point 0 around circle » determine the angles of
rotation o, = w,7 = o, = ®,7 = 27 (Fig. 2, b and Fig. 3 b). In this case, the direction of the rod
2 and point position o on a circle » will not change with respect to their initial positions when ¢ = 0

(Fig. 2, a and Fig. 3 a). In this case, if we do not consider the rotation of disk 1 with a relative angular
velocity — @, ; (Fig. 2, b) or —®, (Fig. 3, b), then the radial arrow oa from its starting position also

turn to the corner 27T and coincide in the direction of the arrow oa’ ona segment Oa '¢ (Fig. 2, b
and Fig. 3 b). However, during ¢ =7 disk / rotating relative to the current point position o with

relative angular velocity ‘— (ol’l.‘ < m, will turn with the corner |_ al’i| = |_ 0)131.|T <o, =2n and

will take the position determined by the radial arrow oa relative to the segment Oa ‘¢ (Fig. 2, b).
That is, at any relative velocity from the number of possible angular velocities according to equation
(4), at each rotation of the center of mass of the free disk 1 (point o) around a circle with a

translational speed ®,, you can fix the rotation of the disk 7 (radial arrow oa ) relative to the lever 2
(relative to the point o) at an angle Ao, ; = -, ,7 + 21 > 0 for each of the possible angular

velocities — M, ; according to the equation (4). One such movement contradicts the condition arising

from equation (1), which determines the possibility of relative rotation of the disk / with only one
uniform angular velocity in magnitude and direction. Thus, the condition arising from equation (1)
will be fully satisfied only by the relative angular velocity — ®, = ®, from the equation (5) at which

(Fig. 3, b) angle of relative rotation of the disk 1 (radial arrow oa from the position Oa/) is equal
to |- o, |= |— o, l.|T = 0., = 2n and the relative rotation angle is Ao, = —®,7 + 27 = 0 . That s,

the position at which the relative rotation of the disk / relative to the rod 2 makes an angle 2.

The results of theoretical studies were confirmed by experimental studies performed using a
digital movie camera mounted above the axis of rotation of the vertical rod. 3 (in Fig. 1 this camera
is conditionally not shown) to record the process of rotation in a circle with a radius 7 =/, of the

freely installed disk /, on the surface of which a radial arrow is applied. The results of the shooting
were displayed on the monitor of a personal computer in online mode [8].
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Conclusions

Based on the conducted theoretical and experimental studies of the free rotation of a symmetric
body in a circle around a fixed vertical axis displaced relative to the center of mass, it was established
that this process determines both the movement of the center of mass in a circle with a translational
angular velocity, and the rotation of the body around the center of mass with a relative angular
velocity, the magnitude of which is equal to the translational angular velocity, and the direction of
the relative angular velocity is opposite to the direction of the translational angular velocity of rotation
of the center of mass in a circle.
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IIpo mo:kaMBI MepeMillleHHS TBEPAOTo TijIa NPU 00ePTAHHI HABKOJIO HEPYXOMOI
0Ci, 3MillleHO] 11010 IEHTPA Macu

I.B. lo6pos!, A.B. Chomiuesn’
1 — [ouecuwnit npod. HarionansHoi MeTanmypriiiHoi akagemii Ykpainu, [JHinpo, Ykpaina
2 — YKpaiHChKUiA Jep)KaBHUHN YHIBEpCUTET HAYKH 1 TeXHOIOTIH, [IHinpo, Ykpaina

Anomayia. Ha niocmasi ananizy 6ipmyanvHux 2eoMempuyHux nepemiujeHv Npu SUpilieHHi KiHeMamuuHoi 3a0ayi
NPUKNIAOHOT MEXAaHIKU, Wo Npeocmasnac pieHOMipHe 0OepmanHs GiNbHO20 MBEpO0020 Mild HABKONO BEPMUKAIbHOL
HepyxXomoi oci, 3miujenol oo yenmpy macu yvo2o mina. Bemanosneno neobxioni ma docmamui ymosu Onsi makozo
DPYXY Y 6U2is10i NEPEHOCHO20 0O6EPMAHHSL YeHMPY MACU MIA NO KOy Md 8IOHOCHO20 PYXY miaa y 6u2isioi io2o obepmanms
wWooo yeHmpy mac.

Knrouosi cnosa: meepoe mino, yewmp mac, KiHeMamuxda, Kpy20o8uil pyX, GiDMYATbHI NepeMiujeHHs, NepeHOCHe
obepmanHsi, 8BIOHOCHe 0OepMaHHsl.
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