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DEFINING THE DYNAMIC ACCURACY OF POSITIONING
OF SPATIAL DRIVE SYSTEMS THROUGH CONSISTENT ANALYSIS
OF PROCESSES OF DIFFERENT RANGE OF PERFORMANCE

Purpose. Complex study of the dynamic processes of positioning of spatial systems with defining their character-
istic parameters and developing recommendations on increasing the dynamic accuracy of the system positioning.

Methodology. Theoretical methods for determining the parameters of the positioning processes in the spatial sys-
tem on the basis of the proposed approach which consists in separating the general process into a number of compo-
nents with different range of performance. Experimental research methods using high-precision equipment are ap-
plied to confirm the reliability of the results of theoretical studies.

Findings. A new approach to the determination of the parameters of the positioning processes of spatial drive sys-
tems which explains the possibility of separating the positioning process into components of different ranges and al-
lows determining the parameters of individual components of the process is developed. Processes of different ranges
in the mechatronic spatial drive system on the basis of this approach are classified. The configuration of the octahe-
dron has been established with introducing an idealized mechanism for which the analytical relations among the links
and the kinematic initial conditions in the spatial drive system during positioning are determined. Calculations are
made using the initial conditions and parameters of the process of entering the position of the master drive of the
system and the processes of translational and transverse-angular displacement of the platforms are established. Cal-
culations are confirmed by the results of experimental measurements. Recommendations on increasing the dynamic
processes of positioning the spatial drive systems are developed on the basis of the conducted research.

Originality. The proposed approach to determining the process of positioning the spatial drive system through
time-independent processes with different ranges of performance is fundamentally new. At the same time, new
knowledge about the nature of the process parameters in the spatial drive system is obtained. A dynamic model of the
drive and methods for its simplification are proposed. The method for determining the initial conditions at the enter-
ing the system into the position which means the approximation of the spatial system by the mechanism that corre-
sponds to the octahedron is proposed. The analytical dependencies that are the basis for finding the initial conditions
are defined for this mechanism. Models and results of calculations of the process of the drive displacement and the
translational and cross-angular displacements of the platform and the established indicators of dynamic accuracy of
positioning are introduced.

Practical value. The peculiarities of dynamic positioning processes are established and recommendations on increasing
the dynamic accuracy are made by using special vibration damper installed in particular locations of the spatial drive system.

Keywords: spatial system, positioning, using a piston stop, translational displacement, cross- angular displacements,

dynamic accuracy

Introduction. Mechatronic spatial drives are the basis
of advanced technological equipment, in particular ma-
nipulators, industrial robots, and special purpose systems.
Spatial drives operate in rigid dynamic modes. Therefore,
the study of their dynamic accuracy is important.

The problem is to provide indicators of the dynamic
quality of spatial drive systems.

The problem is related to the important scientific
and practical tasks of creating efficient process equip-
ment which uses spatial drive systems.

Recent studies and publications provide information
on technological equipment based on spatial drive sys-
tems [1, 2]. Much of the research is devoted to the study
of dynamic processes in spatial systems [3, 4]. It is
pointed out that there are no general approaches to en-
suring the necessary dynamic characteristics of such
systems [5, 6]. This is due to the complexity of the dy-
namic processes occurring in spatial systems.

The dynamic process of positioning is of great impor-
tance for spatial systems [7]. At the system positioning
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diverse impulse (shock) and vibration processes that de-
termine the performance of the system’s dynamic accu-
racy occur. There are separate studies in this direction in
literary sources [6, 7]. They relate only to certain aspects
of the problem and do not describe the process in whole.

There have not been found studies of the dynamic
accuracy of positioning in the spatial drive systems yet.

Therefore, the unsolved aspect of the general prob-
lem is the determination of dynamic processes position-
ing of spatial drive systems.

The purpose of the research described in this article
is a comprehensive study of the dynamic processes posi-
tioning of spatial drive systems through consistent anal-
ysis of processes of different range of performance with
the definition of their characteristic parameters and the
development of recommendations on increasing the dy-
namic accuracy of the system positioning.

The tasks of the research determined the analysis of
the spatial drive system and processes of its positioning,
the development of a new approach to the calculation of
positioning processes, the calculation of various stages
of dynamic positioning processes, their comparison
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with the results of experimental measurements and the
development of recommendations on increasing the dy-
namic accuracy of positioning.

Presentation of the main research. Qualitative analy-
sis of dynamic processes in the spatial drive system. The
spatial mechatronic drive system represents a set of de-
vices of different physical nature. The spatial drive sys-
tem is considered and studied on the basis of the hexa-
pod mechanism which has six drives 1 providing spatial
displacement of the platform 2 (Fig. 1) .

Microdisplacement drives are executed in the form
of elastic elements 3i and guided by a special system
which includes the electronic part and devices of hydro-
automatics. The working processes in separate units of
the spatial drive system are significantly different. This
leads to a significant difference in the performance of
individual elements of the mechatronic system [9].

The platform performs translational displacements
in the directions x, y and z and the cross-angular dis-
placements which are characterized by the rotation
around the reference axis at the angles y, 0, ¢. The ra-
tional scheme decision of the drive system is the use of
discrete drives in the form of hydraulic cylinders 1, 2 and
micro-displacements drives aggregated with them 3 [8]
(Fig. 2).

The performance of each element of the drive system
and the process in it is characterized either by the time of
operation or by the characteristic values of the frequency.
As the characteristic frequency value is taken the band-
width of the frequencies of a single element or the char-
acteristic (own) frequency of the dynamic process which
proceeds in the element of the mechatronic system [10].

The mechanical part of the mechatronic system,
which includes the devices of the hydraulic drive has a
bandwidth of the order 1...20 Hz (Table 1).

The comparison of individual elements of the me-
chatronic system with respect to speed and bandwidth
shows a significant (in several orders) difference between
these parameters. Accordingly, the processes given in
Table 1 have different scales of performance (Fig. 3).

Fig. 1. Constructive scheme of the system of drives for the
spatial displacement of the platform
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Fig. 2. The variant of implementation of the drive in the
form of a hydraulic cylinder and a micro-displace-
ments drive (a) aggregated with it and a dynamic
model of the drive (b)

Ranges of performance of the groups of processes
considered differ by one to two orders and more. This
leads to the need to take into account the interaction of
the working processes of individual elements of the me-
chatronic spatial drive system which have significantly
different time range of change.

When setting discrete drives in a fixed position im-
pulse (shock) loads occur associated with the turning

Table 1

Scales of the processes of separate elements
of the mechatronic spatial drive systems,
their frequency ranges and performance

o —»
gy SF |E5EER
S & | Element of the mechatronic | 27~ | £ 0 &%
29 system or process ca | 5E3Z S
Z & 25 |€EE58
& CE|ETEE
Prtl | Hydraulics and of 1...20 50...500

hydroautomatics
Prt2 | Electromechanical devices 10...10° 1...100
Prt3 | The processes of dry friction | 10%...10* | 0.1...1
and contact deformation
Prt4 | Vibration processes 10...10* | 0.1...100
Prt5 | Wave processes 103...10° | 1073...1
Prt6 | Electronic block systems 10°...10° | 10-...10°¢
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joints of drives stop. Shock loading generates specific
oscillation processes in the spatial drive system. To study
oscillation processes, special methods based on the sep-
aration of individual processes into groups according to
the length of processes or the range of their performance
are proposed. The oscillating processes in the spatial
drive system in the positioning of the platform are com-
plex and occur in a certain sequence.

In the mechanical part of the spatial drive system
(Fig. 1) there are various work processes. Some of them
are essentially slow, while others are extremely fast. Slow
processes (Pr,) are cross-angular oscillations of the plat-
form, and the average speed of processes (Pr,) are pro-
cesses of translational table displacement, while the fast
processes (Pr;) are the processes of positioning the pis-
ton of the cylinder on the stop (Fig. 4).

If the time of the transitional process in the system is
taken as a valuation of the dynamic process in the sys-
tem, then processes of the order 1 s; 0.1 s; 10 ms will be
attributed to different groups with significantly different
ranges of performance. It gives grounds for considering
the processes sequentially in groups independently of
each other. The Pr; process, the Pr, and Pr; processes
are considered to have not yet occurred. When regarding
the Pr, process it is considered that the Pr; process has
already occurred and the Pr, process has not occurred
yet. When considering the Pr, process, the Pr, and Pr;
processes are considered to have already occurred. To
calculate each of the processes it is necessary to deter-
mine the initial conditions. They are on the solution of
the kinematics problem when the system positioning.

Kinematics of positioning the spatial drive system. To
simplify the calculation of the geometry and kinematics
of the spatial drive system at its positioning, drive system

The order of performance range

6
Prt6
SH Prt5
4 = Pri4
3 Prt3l
2 2 [
e L |

10° 10° 10° 1 10°
Transition time t,, ¢

Fig. 3. Performance (transition time) of separate ele-
ments of mechatronic drive system
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Fig. 4. Transitional processes in the drive system corre-
sponding to the cross-angular displacement of the
platform (curve Pr)), the translational displacement
of the platform (curve Pry) and positioning of the pis-
ton of the cylinder on the stop (curve Prs)
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AyA, ByB, ..., GyG (Fig. 1) is presented as an equivalent
hexapodactoedric mechanism with drives of variable
length U,U, U,V, V,V, VoW, WoW, W,U. 1t is assumed
that the platform moves with the reduction of the master
drive U,U (Fig. 5, a).

In this case, the length of the last five drives remains
unchanged. Reducing the length of the master drive to
the value L, = U,U the piston of the drive cylinder is set
on stop. At the same time the mechanism is positioning
and gains a configuration corresponding to an octahe-
dron. For an arbitrary length of the drive U,U, = L the
problem of determining the geometry, velocity and ac-
celeration of individual points of the mechanism is solved
(Fig. 5, b).Projections of hinge displacement U are found.

From these dependencies (Fig. 5, b) there are pro-
jections of hinge speed U

_dxy _Oxy dh, _dyy Oy dh
Sdt on o dt Y dr on drt’
_y %y db,

= = — A=L/L,.
“dr o dr /1y
It is accepted that the reduction of the drive U,U, oc-
curs at a constant velocity Vj,. In this case, the length of
the drive varies according to the law

L(H)y=Ly-Vyt; t<0; t=-t,...0.
For uniform movement of the hinge U we have
xzx(;)=ﬂ=1_ﬁ_
L, Lyt
dvn ¥,
Accordingly — =——L = const.
ccordingly " L,

From graphs (Fig. 5, b), we find the values of the
projections of the hinge speeds Uat A =1

Vie=0.7Ve: Vy=—0.5Vy; Vy=—0.85V,,

Similarly, projections of velocities of hinges V'and W
are found.

The speed field of the platform is defined as a solid
body at known velocities of the three points of the plat-
form U, V, W In particular, the projected velocities, the
center of the masses of the platform and the projections
of the platform rotation speeds are around the reference
axis. The velocity values are the initial conditions for
calculating the platform movement when positioning

Xu, YU, Zu 2=L/Lo

1 —
0
Yu

0 =L, 1 2

a b

Fig. 5. The scheme of the hexapodactoedric mechanism
when reducing the drive UyU, (a) and the calculation
of the coordinate changes of the hinge U (b)
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the U,U drive on the stop. It is assumed that the initial
conditions for displacement are zero.
Accordingly at =0

Vi=Vos

0y = My;

V=V

(,Oy = (D()y;

Ve=Voz (1)

0, = 0. (2)

Xo=Yo=2=0;
Vo=00=0,=0;
The process of positioning a master drive of the spatial

system on the stop. The joints A, and A are installed on a
fixed base and a movable platform for fastening and
rods. The spatial drive mechanism AyA4 (Fig. 2) is a com-
plex structure which includes a number of series of con-
nected units: hydraulic cylinders and devices.

In this case the dynamic model of the drive has the
appearance of a two-mass system m,, with the clearance
connections L, L, and the elastic-dissipative bonds
H,, Hy, E,, E, (Fig. 2, b).

The piston of the master drive moves as a result of
the supply of fluid under pressure p, into the rod cavity.
In this case all equivalent springs are stretched, and the
clearances and interstices are selected. There is a static
force in the elastic drive system

Fc:POS,

where p, is the pressure in the cavity of the cylinder; S is
the area of the rod cavity.

Under the influence of static force there is an exten-
sion of the drive by the value

8, =AL=F/C,,

where C, is the equivalent rigidity of an elastic drive system
which takes into account the rigidity of all components.

When the system is released in position, the piston
becomes on the stroke D,,. It is accepted that the piston
with the rod and the cylinder body then move as one
body with a mass m, = m, + m,. At the time of setting the
stop the speed of the piston with the stock is V.

After setting on the stop, the speed of the piston with a
rod is determined by the pulse theorem [11] and it will be
y,= Lo

' om+m,

This speed determines the initial conditions of the
oscillations of the dynamic drive system.

dsd
At _y; 8=0; o v,.

It is accepted that the positioning of the master drive
on the stop is a process infinitely fast compared with the
subsequent movement of the platform (Fig. 4).

Accordingly, the process of positioning the stop is de-
termined on the basis of the assumption that there is no
influence on the process of the platform movement on it.

A simplified dynamic model of oscillation of the
drive is accepted when positioning on the stop as a har-
monic second-order oscillator [12] with a mass m,, co-
efficient of resistance b, and rigidity c..

Equation of the drive mass movement is

d*s ds

m—-+b—+c¢,6=F -10¢). 3
edtz edt e c () ()
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The solution of equation (3) under the specified ini-
tial conditions according to [12] is defined as

JTW2-26TV,K+K? &
el x

=K+
Ji-g
(C))
_£2 1_g2
xsin i~t+arctg i s
A
K

where K= F,/c,; T:\/me/ce; &zbe/(Z mece).

The solution (4) determines the change in the length
of the drive in dynamics.

The master drive will stop at the end of the oscilla-
tion process. Its total reduction at the end of the oscilla-
tion process will correspond to the initial static defor-
mation of the drive 3,, = 8(f) with # — . Drive oscilla-
tions fade over time of 0.008 ... 0.01 sec.

In the future, the platform will change its position.
The final static position of the platform will be deter-
mined by the vector L of coordinates with increment
8L=[-8, 0 0 0 0 0]”. The initial value of the vector L
of coordinate is taken to be zero. Accordingly, the plat-
form moves in the final position in accordance with the
Jacobian matrix of the hexapodactoedradius mecha-
nism [8] which has the form

[ox ox ox ox  ox ox |
oL, oL, oL, oL, oL L,
oy oy oy 0oy Oy Oy
oL, oL, oL, oL, oL, oLy
0z o0z 07 07z o0z o1
I A A
Tow v v v v v
oL, oL, oL, oL, OL; 0oL
0 o0 06 o6 00 00
oL, oL, oL, oL, oL oL,
ob odp oo odp od  0d
oL, oL, oL, oL, oL oL,

_—2\6 3
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In this case, the drive 4,4 corresponds to the fourth
column of the matrix. Therefore, the final position of
the platform in the static will be determined by the vec-
tor of the x-coordinates of the form

(x,).=8,(23 2/\3 372 0-\[32 2)T. 5)

The transition of the platform to this static position
occurs gradually under the action of force from the mas-
ter drive. Strength varies according to step by step law
F. - 1(¢). This force has components F,,, F,, F,., which
depends on the angular position of the drive 4,4 and
causes a moment M - 1(¢), which acts on a platform and
has projections on reference axes M,, M,, M, (Fig. 1).
Further displacements of the platform occur under the
influence of these force factors.

Parameters of the dynamic movement of the platform
when positioning. The displacement of the platform in
dynamics as a solid is described by the dynamic transla-
tional displacement of the center of mass O,, by the spa-
tial spherical motion of the platform relative to the cen-
ter of mass [11] according to the dynamic model
(Fig. 6).

The differential equations of the translational dis-
placement of the center of mass O, are constructed in
three directions corresponding to the directions of the
main axes of the rigidity of the mechanism. The equa-
tions of the dynamics are similar to the equation (3) with
the initial conditions defined by the formulas (1). The
solution of these equations is determined by formula (4)
with the corresponding values of the constants included
in the formula.

As a result, the projected displacements of the center
of the masses of the platform are found to their finite
values x,,, V,n, Zn (Fig. 7).

Fig. 6. Dynamic model of the spatial system when it en-
ters the position
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Projections of platform center displacements are
weakly faded curves of the sinusoidal type. To verify
the reliability of the results, experimental measure-
ments of the dynamic displacements of the platform
of the prototype of the drive system during the posi-
tioning of one of the drives on stop have been con-
ducted. High-sensitivity non-contact laser triangula-
tion meters of the RF603-1012 range with a working
range of 2 mm, measuring accuracy of 0.2 um for
measurements of the platform movement were used
[13] (Fig. 8).

The nominal distance of the meter from the surface
of the platform is 10 mm, the discreteness of measure-
ments is 0.5 ms. This allows you to identify the features
of the dynamic process of positioning the platform.
Comparing the results of calculations with experimental
data (Fig. 7), their quantitative and qualitative corre-
spondence follows.

Errors in calculations of displacement amplitudes
are within 10 %, errors in determination of oscillation
periods do not exceed 15 %, which is acceptable for this
complex spatial drive system. The presence of certain
peculiarities of experimentally determined oscillatory
processes F1... F4is explained by nonlinear characteris-
tics of the elements of a dynamic system. Therefore, the
accuracy of the proposed mathematical model of the
platform positioning process could be considered as sat-
isfactory. By using this model the spatial displacements
of the center of the masses of the platform in the process
of positioning are determined (Fig. 9).

From the results of calculations, it follows that posi-
tioning one of the drives on the stop causes a complex
trajectory of the platform center displacement from the
point O, to the point O,. There is a pulsating motion of
the platform when it is released into position. Spatial
mass center displacements occur within the boundary of
theellipsoidal area E,, E,.

T T
calculation

experiment

| 1
0,02 0,05 t,c 0,07 0,1

a

3 \ A T
-‘:‘. / ™ -1
AVAVAVAN S %

0,02 0,05 t,c 0,07 0,1
b

Fig. 7. Comparison of the calculated (solid curves) and
experimentally determined (dashed curves) displace-
ments of the center of the platform in the direction x

(a) andy (b)
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Fig. 8. Installation of laser meters 1, 2 of the platform
displacement 3 when determining the processes of its

dynamic positioning
Y/Ym
/" -~ = "
‘ 1
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4 ]
/ /
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! X
1 E,
[ X 4
\ 74 0,
td
> — - - - 1 1
0.5 1 1.5 2
01 X/Xm
a b
Fig. 9. Calculated platform mass center displacement
when positioning:

a — is the trajectory of displacement in the plane oxy; b — is
the spatial trajectory of the platform displacement

Platform mass center displacement occurs within a
time interval of about 0.1 seconds. Accordingly, the
performance of this process is an order lower than the
performance of the oscillation process in the master
drive.

The process of cross-angular displacements of the
platform is slower. It is determined by numeral integrat-
ing of the equations of the spherical motion of the plat-
form according to a specially designed procedure.

In the projections on the reference axis the equation
of the spherical motion of the platform as a solid [14]
has the form

ISSN 2071-2227, Naukovyi Visnyk NHU, 2018, N2 3

‘%"+coyl,z oL, =M,
dL
—+o,l ~o L =M, (6)
dt
L
dtz to L, -0, L =M,

where M,, M,, M, are projections of the main moment
of forces acting on the platform, ,, ®,, ®, are projec-
tions of the angular velocity of the platform, L,, L,, L,
are projections of the momentum amount (kinetic mo-
ment).

The kinetic moment equals the product of the tensor
of the inertia of the platform (/) on the vector of angular
velocity.

In projections on reference axes

L=I0-10-10;

L=-I o+lo -1 o; (7

y Yz Uz

L=-I0-10+[ 0,

where I, I, I,1,, I.1, are the components of the
tensor of inertia of the platform defined in the a frame of
reference x, y, z.

The inertia tenser is symmetrical, thatiswhy /,, = /,,,
I,=1,I,=1,

The equations of spherical motion (6) are used to de-
velop a procedure for numerical calculations of the
cross-angular displacements of the platform. To do this,
the system of differential equations (6) by integrating in
time is reduced to a system of three integral equations

t
Lo=Ly+[(M,~o,L +o,L,)d;
0
t
Ly=Ly+[(M, -0 L, +o,L)ds ®)
0
1
L =Ly+[(M,~0L,+o,L)d,
0

where Ly, Ly, L, are initial values of the projection of
kinetic moment. The initial values of the projections of
the kinetic moment are based on the dependences (7),
in which the values of the initial angular velocities (2)
are set.

A structural mathematical model of cross-angular
displacements of the platform has been developed on
the basis of equations (8) (Fig. 10).

The model includes the Par block in which the kine-
matic initial conditions are given (2). The moments of
the forces acting on the platform are found in magnitude
of the static load F,, acting on the hinge A (Fig. 1) and is
calculated in the block Moment (Fig. 10). The solution
of the integral equations (8) is carried out in the Kinet-
moment block and the calculation of the angular veloci-
ties of the platform is carried out by the VectorOmega
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block. The solution of equations (7) in this block is car-
ried out in relation to the corresponding angular velocity
projections. In particular, the projection wy is from the
first equation, mu from the second one, and wz from the
third one. The components of the inertia tensor neces-
sary for solving the equations are formed in the block of
the TenzIner model. Through integrating the angular
velocity values, the angles of the platform rotation rela-
tive to the reference axes are found. As a result of calcu-
lations, transitional processes of cross-angular displace-
ments have been found (Fig. 11).

Methods of harmonic and spectral analysis are used
to study oscillatory platform processes [15]. As a result
of the calculations, it has been established that the oscil-
lations of the platform y around the axis x are smoothly
damped with a variation of about 2.5 oscillations during
the transient process, which is about 1 sec. Thus, the
range of the performance of this process is an order
higher than the performance of the process of platform
mass center displacement (Fig. 4).

Overregulation of the process is about 60 %
(Chart 11).

Cross-angular displacements of the platform around
the z axis (curve ¢) are more pronounced.

The maximum overregulation is about 25 %, a num-
ber of full vibrations is about 1.2 and the time of the
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Fig. 10. General structural mathematical model of cross-
angular displacements of the platform
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Fig. 11. Calculated cross-angular displacements of the
platform around the x axis (curve ) and around the
z axis (curve @)
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transition process is 3...4 times less than that with oscil-
lations around the axe x.

Cross-angular displacements of the platform lead to
the displacement of the hinge A in the plane yoz (Fig. 4).
The existence of significant influence of the cross-angu-
lar oscillations of the platform on the hinge displace-
ments is established. These displacements have a spiral
character and are completed when the platform enters
the position (Fig. 12).

In general, the hinge displacement occurs within the
ellipsoidal area E;.

On the basis of calculation of parameters of the posi-
tioning process and experimental research, recommen-
dations on increasing the dynamic accuracy of the drive
system have been developed.

Recommendations on increasing the dynamic accu-
racy of the positioning spatial drive system. Taking into
account that general dynamic perturbation within sys-
tem positioning pulse loads in the master drive, it is
recommended to make change in the process of posi-
tioning the piston on the stop. Therefore, it is pro-
posed to use a special damper for oscillations of the
cylinder body Dc (Fig. 2, a). The use of brake devices
Dg, and Dg, which provide a reduction of shock loads
when positioning the piston 1 on the stop (Fig. 2, b) is
effective.

The radical method for reducing impulse loads at
cylinder positioning is the application of spherical hy-
drostatic joints S, and S,, (Fig. 2, a). A layer of lubri-
cant between spherical surfaces reduces the intensity of
impulse loads and changes the nature of the piston brak-
ing process (7) from the oscillating AL (Fig. 4) to the
aperiodic or near-aperiodic. In the case of intense
pulsed loads the characteristics of the hinges become
non-linear and there are nonlinear forces of mixed fric-
tion B, and B, (Fig. 2, b). Non-linear forces of friction
substantially smooth the process of the cylinder piston
positioning.

In order to reduce the intensity of the oscillatory
processes of the translational displacement of the plat-
form, it is recommended to use inertial vibration damp-
ers with a powerful permanent magnet in the shape of a
ball that is placed in the spherical cavity of the damper

) e (=] B |5
ZAlZ M XY Plot
2 :
15
o
bt
<
>

N ~ =05 1 15 2
L XAxis Y alYam

Fig. 12. Calculated displacements of the hinge A in the
yoz plane are due to the cross-angular oscillations of
the platform
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housing filled with a ferromagnetic fluid. Permanent
magnets, which provide the equilibrium positions of the
magnetic sphere are located on the periphery of the
case. D,,, damper installed in the center of the platform
mass (Fig. 1) provides a reduction of the forward oscil-
lations of the platform. In this case the trajectory of the
spatial displacements of the platform will be substan-
tially smoothed (Fig. 9).

In order to reduce the intensity of cross-angular os-
cillations of the platform relative to the axes x and y it is
recommended to use the D, , damper mounted on the
arm Kr (Fig. 1). The length of the arm should be as high
as possible to ensure effective damping of low frequency
cross-angular oscillations of the platform.

If the damping of the cross-angular oscillations of
the platform relative to the three axes x, y and z is neces-
sary, it is recommended to use three damper DU DW
installed uniformly along the perimeter of the platform.
These three dampers will also provide a reduction in the
intensity of the dynamic translational displacement of
the platform. Therefore, three dampers are recom-
mended as a base damping system. The complicated op-
tion of the base system is the use of six dampers DA, ...,
DD, each of which is installed in close proximity to the
hinge of the corresponding drive.

Conclusions. A new approach to determining the pa-
rameters of dynamic processes of positioning spatial
drive systems is proposed. It consists in the division of
processes into separate groups with different range of
performance and it is effective and allows calculating in-
dividual dynamic processes in the system independently
of each other.

The kinematic initial conditions of the spatial drive
system should be determined by the simplified geomet-
ric scheme of the spatial system in the shape of an octa-
hedron. For this scheme, geometric and kinematic rela-
tionships are established in the form of simple analytical
dependencies that determine all the necessary initial
conditions of the positioning process.

It is established that the process of master drive posi-
tioning on the stop is an infinitely fast process compared
with the platform displacement and initiates the process
of translational displacements of the platform, whose
range of performance is an order slower than the process
of positioning the drive on the stop. The process of
cross-angular displacements of the platform, which is an
order slower than the process of translational displace-
ment of the platform, is initiated.

In order to reduce the intensity of oscillation pro-
cesses of positioning the spatial drive system it is recom-
mended to use dampers of oscillations of cylinder cases,
piston braking devices at the end of the stroke, hydro-
static hinges in drives and special inertial dampers of
spatial oscillations of the platform.
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Bu3HavyeHHs TMHAMIYHOI TOYHOCTI
MO3UIIOHYBAHHS NMPOCTOPOBOI CHCTEMHU
NPUBOJIB MOCJIiIOBHUM AHATI30M NPOIECIB
pi3HOro Macmrady mBHAKOIiI
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Meta. KoMruiekcHe HOCTIIKEHHS AWHAMIYHUX
MPOLIECiB MO3ULIIOHYBaHHS TPOCTOPOBUX CUCTEM MPU-
BOJIiB i3 BU3HAYEHHSM I1X XapaKTepHUX IapaMeTpiB i
pPO3pOOKOIO peKOMeHIallil 100 MiABUILIEHHS AUHA-
MiYHOT TOYHOCTi MO3UL[IOHYBaHHSI CUCTEMMU.

Metoauka. TeopeTuuHi METOIM BU3HAUEHHS Tapa-
METpiB ITPOLIECiB MO3ULIIOHYBAHHS Y IPOCTOPOBIil CUC-
TeMi Ha OCHOBI 3aITPOTIOHOBAHOTO MiIXOMY, IO ITOJISI-
ra€ B PO3iJICHi 3aTaIbHOTO TIPOIIECY Ha PSIIT CKIIATOBUX
3 pi3HMMM MacITabaMy MIBUAKOMAII. 3aCTOCOBaHI eKC-
NepuMEHTaJbHI METOAM MOCJiIXEeHb 3 BUKOPHUCTAH-
HSIM BHCOKOTOUYHOI amapaTypH, IO CIyXKaTh IS ITif-
TBEPIKEHHST JOCTOBIPHOCTI PE3ybTaTiB TEOPETUUHUX
JMOCTiIKEHb.

Pe3yabTaTtu. Po3pobyieHO HOBUIA Miaxin 10 BU3Ha-
YEHHs TapaMeTpiB MPOILIECiB MO3UILIOHYBAaHHSI TMPO-
CTOPOBUX CUCTEM TMPUBO/IB, 110 OOTPYHTOBYE MOXKJIV-
BICTb PO3iIEHHS MpoLeCy MO3ULIOHYBAaHHS Ha CKJa-
JTOBi pi3HMX MacIITabiB i J03BOJISIE BUBHAYNUTHU ITapamMe-
TPU OKpPEeMUX CKJIaJOBMX mporecy. Ha ocHOBi maHoro
migxomy KinacudikoBaHi IpolecH pi3HUX MacIITadiB y
IpoCTOpoOBiit cuctemi mpuBoniB. LisixoM yBeaeHHS
iIeanizoBaHOrO MeXaHi3My 3 KOHirypalli€to, 1o Bim-
MOBIJA€E OKTAENPY, i JJI51 IKOTO BCTAHOBJIEHI aHAIITUY-
Hi CITiBBiIHOIIIEHHST MiXX JIJaHKaM1, BU3HAYEHi KiHeMa-
TUYHI MMOYATKOBI YMOBHU y MPOCTOPOBiii CUCTEMi MpHU-
BOJiB MpPU MO3UIIIOHYBaHHi. I3 BUKOPUCTaHHSIM IIO-
YaTKOBUX YMOB BUKOHaHi po3paxyHKM il BCTAHOBJIEHi
napaMeTpu MpolLiecy BUXOIY B MO3ULLiI0 BEAy4OTO MpHr-
BOJIa CUCTEMM Ta MPOLIECiB MOCTYyNaabHOIO i1 morepe-
YHO-KYTOBOTO mepeMilleHHs Tiatdopmu. Po3paxyH-
KOBi NaHi MiATBEPAXEHi pe3yJbTaTaMU €KCIIepUMEH-
TaJIbHUX BUMIipiB. Ha 0CHOBI npoBeaeHUX JOCIiIKEHb
po3po0JieHi peKOMeHaallil 100 MiABUIIEHHS AWHA-
MIYHOI TOYHOCTI TO3UILIIOHYBAaHHSI MPOCTOPO TPOCTO-
POBOI CUCTEMU MPUBOIIB.

HaykoBa HoBu3Ha. [IpUHIIMIIOBO HOBUM € 3aIpo-
MOHOBAHUM MiIXiA 40 BUZHAYEHHS MPOLIECY MO3UILi-
OHYBaHHS ITPOCTOPOBOI CUCTEMU MPUBO/IB Y BUTJISI
He3aJexXHUX y Yyaci mpolieciB i3 pi3HUMU MaciuTaba-
mu wBuakoxdii. IIpu 1bomy oaepxkaHi HOBI 3HAHHS
11010 XapaKTepy MapaMeTpiB MPOLECiB y MTPOCTOPO-
Biii cucTtemi mpuBOMiB. 3anponoHOBaHa AWMHAMiyHa
MOJieJib IIpUBOJA Ta METOIM i1 cripolneHHs. HoBoo €
3aIpPOITOHOBaHA METOAMKA BU3HAYCHHS MOYATKOBUX
YMOB TIpM BUXO/i CUCTEMH B MO3UIIiI0, 110 TIOJISITAE B
anpokKcuMallii MpoCTOPOBOI CUCTEMU MEXaHiZMOM,
SIKAI TEOMETPUYHO BiATnoBigae okraenpy. s nano-
ro MeXaHi3My BU3HaueHi aHaJiTU4YHi 3aJIeXKHOCTI, 1110
€ OCHOBOIO IJI 3HAaXOJKEHHS IOYaTKOBUX YMOB.
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HoBumu € moneni tTa pe3yabTaTd po3paxyHKiB Mpo-
1iecy INepemillleHHsI TTpUBoia W MOCTyNaJbHUX 1 MO-
MePEeYHO-KYTOBUX TIEpeMillleHb I1aThopMu, BCTa-
HOBJIEHI MTOKA3HUKU AUHAMIYHOT TOYHOCTI MO3UIi0-
HYBaHHS.

IIpakTnyna 3HauumicTs. BcTaHoBIEHI 0COOIMBOCTI
NUHAMiYHUX MPOIIECiB MO3UIIOHYBaHHS Ta po3poodJie-
Hi peKOMeHallil 1100 MiABUIIIEHHSI TMHAMIYHOI TOY-
HOCTI LIIJISIXOM 3aCTOCYBaHHSI CrieliajIbHUX AeMII(epiB
KOJIMBaHb, BCTAHOBJIEHUX Y XapaKTepHUX MiCLISIX TIPO-
CTOPOBOI CUCTEMU TTPUBO/IB.

KmouoBi cioBa: npocmoposa cucmema, nosuyiony-
BAHH5, NOCMAHOBKA NOPUIHSL HA YNOP, NOCMYNANbHI hepe-
MiWjeHHs, NONnepeuHo-Kymosi nepemiujeHHs, OUHaMiyHa
mouHicmo

OnpeneneHne TMHAMHYECKOH TOYHOCTH
NO3UIMOHMPOBAHKUS MPOCTPAHCTBEHHOM
CHCTEMBI MPHBOJOB MOCIEA0BATEIbHBIM
AHAJIM30M MPOIECCOB PA3HOr0 MacIITada
OBICTPOIEHCTBHSA

C. B. Cmpymunckuii
HauunoHanbHbI TEXHUYECKUI YHUBEPCUTET YKpauHsl ,, Ku-

€BCKUI MOJIMTeXHUYECKUIT MHCTUTYT uMeHu Mropst Cuxkop-
ckoro“, r. Kues, YkpauHa, e-mail: strutynskyi@gmail.com

Hens. KomrmiekcHoe wucclienoBaHUE IUMHAMUYE-
CKMX MPOLIECCOB MO3ULIMOHUPOBAHUSI TPOCTPAHCTBEH -
HbIX CUCTEM MPUBOAOB C OTIPEAECICHUEM UX XapaKTep-
HBIX ITapaMeTpPOB U pa3pabOTKOIl peKOMeHIaLuil I1o
MOBBILIEHUIO TUHAMUYECKON TOYHOCTH MO3ULIMOHU-
pOBaHUS CUCTEMBI.

Metoauka. TeopeTuyeckure METOIbI OINpeaAeJeHuUs
napaMeTpoB TIPOLIECCOB MO3UILMOHUPOBAHUS B TPO-
CTPAaHCTBEHHOI CUCTEME Ha OCHOBE MPEAIOXEHHOIO
MOJX0/1a 3aKJII0YAIOTCS B Pa3eIeHUU 00IIEeTOo Mpoliec-
ca Ha psIll COCTaBJISIIONIMX C pa3IMUHBIMU MacilTabaMu
obicTpoaeiicTBus. [IpuMeHeHbl 3KCIIepUMEHTaTbHbIE
METOJIbl MCCJEIOBAHUI C MCITOJb30BAHUEM BBICOKO-
TOYHOI anmaparypbl, KOTOPbIE CYXKAT IS IOATBEPXK-
JNIEHUS TOCTOBEPHOCTH PE3YJIbTATOB TEOPETUUECKUX
HUCCIIENOBAHUM.

Pe3ynbTaTel. PazpabotaH HOBBII TOAXOM K OMpee-
JICHUIO TapaMeTPOB MPOLIECCOB MO3ULIMOHUPOBAHUS
MPOCTPAHCTBEHHBIX CUCTEM MPUBOAOB, KOTOPHIN 000-
CHOBBIBAET BO3MOXHOCTb Pa3IeJICHUSI TTPOLIECCa MO3K-
IIMOHUPOBAHUSI Ha COCTABJSIOIIME Pa3IUYHBIX Mac-
1ITAa0OB 1 MO3BOJISIET OMPEAETIUTh NapaMeTpbl OTAEb-
HBIX COCTaBJISIIOIIMX Mpolecca. Ha ocHoBe maHHOTrO
MoJaxoaa KjiacCU(ULIMPOBAHbI MPOLECCHl Pa3IMYHbBIX
MaclITaboB B MPOCTPAHCTBEHHOU CUCTEME MPUBOIOB.
Ilyrem BBeneHUS MACATM3UPOBAHHOTO MEXaHU3Ma C
KOH(dUTYypalueil, COOTBETCTBYIOIIEH OKTa’Apy, s
KOTOPOIO YCTAHOBJIEHbI AHAJUTUYECKUE COOTHOLIE-
HUS MEXIY 3BEHbSIMU, OIPENEeHbl KWHEMATUUYECKHE
HayaJbHbIE YCJIOBUS TMPOCTPAHCTBEHHOW CUCTEMBI
MPUBOIOB MPU MO3ULIMOHUPOBaHUM. C MCIOIb30Ba-
HUEM HayaJIbHbIX YCJIOBWI BBIMOJHEHBI pacyeTbhl U
YCTAHOBJIEHBI TMapaMeTpbl Mpoliecca BbIXOAa B TMO3M-
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LIMIO BEAYLIETO IIPUBOAA CUCTEMBI U IIPOLIECCOB ITOCTY-
MaTejbHOr0 U MOMNEePEYHO-YIJIOBOTO IepeMELECHUS
mwiatopMmbl. PacyeTHble JaHHbIE MMOATBEPXKIEHBI pPe-
3yJIbTaTaMU SKCIIEpPUMEHTabHBIX U3MepeHuii. Ha oc-
HOBE IIPOBEIECHHBIX MCCIENOBaHUI pa3paboTaHbl pe-
KOMEHAAIMHU 110 TTOBBIIICHUIO TUHAMUYECKON TOYHO-
CTU TIO3ULIMOHUPOBAHUSI IIPOCTOPHO MPOCTPAHCTBEH-
HO# CUCTEMBI TIPUBOIOB.

Hayunas HosusHa. [IpMHLIMIINAIBLHO HOBBIM SIBJISI-
€TCS MPETOXEHHBIN MOAX0 K OTpeeIeHUIO TIpoliec-
ca TO3ULIMOHUPOBAHUS POCTPAHCTBEHHOM CUCTEMBI
MPUBOJOB B BUJE HE3aBUCHUMbBIX BO BPEMEHHU IIPOLIEC-
COB C pa3iM4YHBIMU MaciuTtabaMu ObICTPOACHCTBUS.
[Ipu 3TOM MOJIyYeHbI HOBbIE 3HAHMUSI O XapaKTepe Iia-
paMeTpOB IPOLECCOB B IPOCTPAHCTBEHHOMN CUCTEME
npuBonos. [IpemioxeHa IMHaAMUYECKast MOJIEIIb IIPK-
BOJIa M METOJIBI e¢ yripoileHust. HoBoii siBsieTcs mpe-
JIOXKEHHas METONMKA OIpPENEeJIEHUSI HaYyalbHBIX YCIO-
BUI TIPY BBIXONIE CUCTEMbI B IO3UIIMIO, KOTOpas 3a-
KJIIOYaeTcsi B allMpPOKCUMMAllMM TPOCTPAHCTBEHHOM
CHCTEMBI MEXaHNU3MOM, KOTOPHIN T€OMETPUIECKU CO-
OTBETCTBYET OKTasaApy. JlJist TaHHOTO MeXaHW3Ma OTIpe-
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JieJIeHbl aHATUTUIECKUE 3aBUCUMOCTH,, KOTOPBIE SIBJISI-
I0TCSI OCHOBOM ISl HAXOXKIEHUSI HAuaJIbHBIX YCJIOBUH.
HoBbIMU SIBJISIIOTCSI MOZIEIM M Pe3YJIbTaThl PacuyeTOB
rpoliecca rnepeMeleH s TPUBOIA U MOCTYIMATeIbHbIX
W MOTEPEeYHO-YITIOBbIX MepeMelleHui maaTrGopmMbl 1
YCTaHOBJIEHbI TOKa3aTequ AMHAMUYECKOW TOYHOCTU
MO3ULIMOHUPOBAHUSI.

IIpakTHyecKas 3HAYMMOCTb. Y CTAHOBJIEHBI OCOOEH-
HOCTM JTWHAMUYECKMX IIPOIECCOB IMO3UIIMOHUPOBA-
HUST U pa3paboTaHbl PEKOMEHIAIMN TI0 TTOBBIIIEHUTIO
JMMHAMUYECKO TOYHOCTHU TTyTeM TTPUMEHEHUST CIIelM-
aJTBHBIX IeMII(hepPOB KoJieOaHU i, YCTAHOBJIEHHBIX B Xa-
paKTepHBIX MeCTaX MPOCTPAHCTBEHHOM CUCTEMBI TIPH-
BOJIOB.

Kiouesbie ciioBa: npocmpancmeennas cucmema, no-
SULUOHUPOBAHUE, NOCIAHOBKA NOPUIHS HA YNOP, NOCHY-
namenvHvle nepemeulerus, NonepeuHo-yei0evle nepeme-
wenus, OUHAMU4ecKas MmoYHOCMb

Pexomendosano 0o nybaikauyii O0oxkm. mexH. HAyK
O. B. lllesuenkom.  Jlama  HaoxoOdxucewHs — pyKonucy
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