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Summary. In the article examines the structure of technological systems with a parallel kinematic
structure. The path location optimization problem consists of three sets, namely a set of design variables, a set of
objective functions, and a set of design constraints. Accordingly, the optimization task is aimed at identifying
design variables, such as hexapod, tripod, triglide, and others, that characterize the surface fabrication path in
order to minimize or maximize objective functions subject to design constraints. The Hexapod mathematical model
includes inverse and direct kinematic problems. The solution of the inverse kinematic problem for hexapods is tied
to calculating the length of the racks and the location of the hinges at a given position of the movable platform.
The spectral characteristics and qualitative and quantitative indicators of the processed samples were measured.
Calculations were also performed on the ratio of initial parameters, cutting modes, and obtaining quality
characteristics of Ra and T for each of the 25 samples. Kinematic pairs by class are reviewed and their functional
and structural characteristics are determined, which makes it possible to estimate the degree of freedom for
mechanisms with parallel structure kinematics. For Structural Simplification and reduction of time and complexity
when choosing a PSKM scheme, they are shown in the graphical form of kinematic structures. To assess the quality
of the system, as well as its ability to perform the functions assigned to it in the basic state, a table of output data
was compiled, as well as a sample from which a data matrix was compiled to cover the entire possible range of
output parameters, which significantly affects the result. The graphs show the spectral characteristics of
technological systems with PSKV for the sections of the treated surfaces of samples No. 1, No. 2 and No. 3.
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Statement of the problem. One the main's methods processing's parts in a singling
production that have a complex profile or are bodies of rotation with complex structural elements
is the use of CNC machines or machining centers, which can relate and combine several machine
groups. From year to year, the issue of introducing innovative methods, equipment and devices
for performing mechanical processing operations using modern equipment becomes more acute.
These processes affect the relevance of using machines with parallel structure kinematics
(PSKM). To increase the efficiency manufacturing parts is necessary to use technological
equipment namely machines with parallel structure kinematics and the latest high-speed tools (for
high-speed processing). As the quality and complexity of geometric shapes and structural
elements increases, the requirements for the transitions performed and parts in general increase.

Analysis of the available investigations. Parallel mechanisms have attracted attention
for using high speed and positioning accuracy due of conceptual potentials of high dynamics and
motion accuracy combined with low mass/inertia properties, high structural rigidity (i.e.,
stiffness — to-mass ratio) due to their closed kinematic links [1-5]. As for determining the optimal
location of a pre-determined path in the manufacture working's surfaces of gearbox parts, it
includes a set of functions that directly affect the kinematic and dynamic characteristics of PSKM
and PSKV machines, components of PSKV.

The Objective of the work is the studying the spectral wave characteristics of the
studied samples. To identify the behavior of the system and graphically represent the Tensor
model of the machine system, work out the system characteristics at various output parameters.
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Statement of the task. The optimizing task the location of a path consists of three sets,
namely: a set of design variables, a set of objective functions, and a set of design constraints.
Accordingly, the optimization task is aimed at identifying design variables, such as hexapod,
tripod, triglide, and others, that characterize the surface fabrication path in order to minimize
or maximize objective functions subject to design constraints.

The speed value of the tool Vertex is constant on the path. Therefore, for given path
sizes, the position vector Fp= [Xpp-yrp-zrp] " and the velocity vector Vep = [Xpp-Vrp-2rp] " in the
frame, paths can be evaluated as a function of time. The position and velocity vectors defined
in Fp can be expressed in Fy using a transformation matrix defined as:
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For X=[Xop"yop-zop-#]" — s the variable vector for solving the optimization problem. For
simplicity, we assume that the path consists of four independent line segments.

The Hexapod mathematical model includes inverse and direct kinematic problems. The
solution of the inverse kinematic problem for hexapods is tied to calculating the length of the
racks and the location of the hinges at a given position of the movable platform [6].

Analysis of results. The review of kinematic pairs by class and the determination of
their functional and structural characteristics makes it possible to estimate the degree of
freedom for mechanisms with parallel structure kinematics. For Structural Simplification and
reduction of time and complexity when choosing a PSKM scheme, they are shown in the
graphical form of kinematic structures [7].

For a better understanding of dependencies in kinematics, and therefore the design of
PSKM, we will build a 3D mathematical model of PSKM using Excel, based on formulas for
determining the spatial position of each of the model points in space (fig. 1).

When turning around (Q_X; Q_Y; Q_Z)=(80°; 0°; 15°), we have:

. T 11 (X; Y; Z) = (-50,00; 0,00; 62,45)
PR N 22 (X; Y; Z) = (25,00; 43,30; 62,45)
0 33 (X; Y; Z) = (25,00; 43,30; 62,45)
& 1 (X; Y; Z) = (-10,00; 0,00; 5,00)
o " 2 (X; Y; 2) = (5,00; -8,66; 5,00)

” 2 1 | el 3(X;Y; 2Z) = (5,00; 8,66; 5,00)

Figure 1. Coordinates of articulated joints of the mathematical model
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To assess the quality of the system, as well as its ability to perform the functions
assigned to it in the basic state, a table of output data was compiled, as well as a sample from
which a data matrix was compiled to cover the entire possible range of output parameters,
which significantly affects the result. First, the equipment parameters were determined
(table. 1). Taking into account the parameters, the mode part was selected over the entire
possible range (table. 1).

Table 1

Ranges and pitch of possible output parameters

Ne 1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14

n, m/min.| 200 | 250 | 315 | 400 | 500 | 630 | 800 | 100 | 1250| 1600| 2000| - - -

S, mm/rev| 0,14 | 0,15| 0,17 |0,195| 0,21 | 0,23 | 0,26 | 0,28 | 0,3 | 0,34 | 0,39 | 0,43 | 0,47 | 0,52

Research results. A round rolled steel sample was selected as the test sample, which
was divided into segments of different lengths (fig. 2). A total of 15 measurement positions
were obtained, each position from which is separated from the previous or subsequent one by
a constant-width groove over the entire sample segment for 15 positions.

The experiment is performed on the testing machine STM-100, characteristics
of which are presented in fig. 3. General appearance of the machine is presented
in Fig. 2.

(0-14-segment numbers and their length for The Matrix grid)

Figure 2. Test sample Ne 1

To perform neural network analysis, the measured results for processing sample No. 1
were used as a data file, in which studies were conducted on the effects of initial parameters
on the dispersed States of the system, and taking into account which the qualitative
characteristics of the processed 25 samples were obtained [8, 9].

In Fig. 3 shows graphs of the spectral States of the structural study of systems where,
depending on the cutting modes, the surface roughness Ra and the accuracy of performing
diametric dimensions T were obtained and measured.
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Figure 3. Graphs of the values of the state spectra of systems for the initial parameters of samples

Also, to compare technological systems with the structure of parallel kinematics, milling
of sample No. 2 was performed (fig. 4) and sample No. 3 (fig. 5). Five samples were used to
measure the roughness and accuracy of the surface design relative to the possibility of
performing the necessary part parameters on the VKPS [10].

Figure 5. Test sample No. 3

In Fig. 6 presents graphs of the spectral characteristics of technological systems with
MCPS for five sections of the treated surfaces of sample No. 2 and No. 3 by milling.

-110 -110 -

120 <120
0,000 4000,000 8000,000 12000,000 16000,000 20000,000 24000,000 0,000 4000,000 8000000 12000,000 16000,000 20000,000 24000,000

Figure 6. SD control and processing sample 2 PHD
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In Fig. 7 graphs of roughness Ra and dimensional accuracy T are plotted for sample
No. 1 and No. 2 there are slight improvements in processing sample No. 2 compared to sample
No. 1, which are characterized by the equations:

Ra;y = 9E — 0.8x® — 4E — 0.6x° — 2E — 0.5x* 4+ 0.0027x3 — 0.0414x2 + 0.2124x

+ 0.3228
Ra, y = —3E — 0.7x% — 3E — 0.5x> — 0.0009x* + 0.0156x3 — 0.135x2 + 0.5295x
—0.0215
Rasy = —1E — 0.7x% + 1E — 0.5x> — 0.0048x* + 0.0082x3 — 0.0794x2 + 0.3339x
+ 0.01356
T,y = 2E — 06x® — 0.0001x° — 0.0029x* — 0.0125x3 — 0.1971x? + 1.6908x
+ 2.7897
T,y = 3E — 0.6x° — 0.0002x° + 0.0063x* + 0.0767x3 + 0.3681x% — 0.2481x
+ 3.9705
Ty y = 2E — 0.6x° — 0.0002x° + 0.047x* + 0.00549x3 + 0.2341x2 — 0.0011x
+ 3.9725

The use of these mechanisms in workbenches makes it possible to achieve high
accuracy, low metal consumption and speed sufficient to process the workpiece at the maximum
possible speeds with minimal time spent on manufacturing the Part [8].

\/
\/
a) results of surface roughness measurements of b) results of accuracy measurements of samples
samples No. 1, No. 2 and No. 3 No. 1, No. 2 and No. 3

Figure 7. Sample measurement results No. 1 and No. 2

1 2 3 4 5

m cutting speed m/min m processing time, sec

Figure 8. Processing results and volumetric Surface model of the relationship between tool Speed, Feed
per revolution, and processing time
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Figure 9. Dependence of spindle power on processing modes

Conclusions. Structural studies of technological systems with a parallel kinematics

structure were carried out by measuring the spectral characteristics and qualitative and
guantitative indicators of the processed samples.

After verifying the reliability and repeatability of testing the neural network model,

Nm studies were performed for the relationship between the initial parameters, cutting modes,
and obtaining qualitative characteristics of Ra and T for each of the 25 samples.
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JOCJUIIIKEHHSA TEXHOJIOT'TYHUX CUCTEM BEPCTATIB 3
KIHEMATHUKOIO ITAPAJIEJIBHOI CTPYKTYPU

BaaauciaaB €EMmenn

Hounbacvka oepoicasna mawunobdydiena axademis, Kpamamopcwk, Ykpaina

Peztome. Jlocniosceno cmpykmypy MeXHONO2IUHUX CUCeM 3 NApanieibHOr  KiHeMamuyHoo

cmpykmypoio. 3ae0anHs OnmMuMizayii po3mMauiy8amHs WLIAXY CKIAOAEMbC 3 MpPboX HaAOOpie, a came:
HAOOpPY 3MIHHUX KOHCMPYKYIl, Habip yitvosux GyuKyil ma Habip npoexmuux oobmediceHv. Bionosiowo,
3a60aHHsL  ONMUMI3AYIl CAPAMOBAHE HA  BU3HAYEHHS 3MIHHUX KOHCMPYKYIU, HANPUKIAO 2eKcanoo,
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Mmpunoo, mpuenand ma IHWwii, Wo XAPaKmepuzyioms WX GUSOMOGIEHH NOGEPXHI 3 Memo MIHIMIzayil
abo maxcumizayii yinbosux QyHKYii, wo nioigeaoms 0OMedceHHAM npoekmyeanus. Mamemamuuna mooens
2excanood 8KIYAE 8 cebe 360pOMHY | NpAMY KiHemMamuyni 3a80anta. Po36 ’13y6anHs 360pomHoi KinemamuyHoi
3a0ayi 05 2excanod 3ae’s3aHe HA OOYUCIEeHHI 00GXHCUHU CMINOK [ PO3MAULY8AHHI UWAPHIPIE NPU OAHOMY
noaodcenui pyxomoi naamgopmu. Ilposedeno 6uUMIPIOBAHHA CNEKMPANbHUX XAPAKMEPUCUK, AKICHUX |
KIMbKICHUX NOKA3HUKIE 00pobnenux 3paskis. Taxkodc 6UKOHAHO pO3PAXYHKU NO CRIBGIOHOUWIEHHIO BUXIOHUX
napamempis, pejicumie pizanHs i OmMpuMaHHs sKicHux xapakxmepucmuk Ra i T oas xoocnoeo 3 25 spaskis.
Ilposedeno o020 Kinemamuunux nap 3a Kidcamu ma GU3HAYEHHA iX QYHKYIOHAIbHO-CIMPYKIMYPHUX
Xapakxmepucmuk, wjo 0de 3M02y OYiHUMU CMYNiHb C80000U Ol MEXAHI3MI6 3 KIHEMAMUKow napaneibHol
cmpykmypu. A cmpyKmypHO20 CHpOWeHHA, 3MEHUWIeHHA 4Yacy ma CKIAOHOCmi npu 8ubopi cxemu
BKIIC ix s306pasiceno y epagpiunomy euenndi kinemamuunux cmpykmyp. [us oyinioganus akocmi cucmemu,
a makodc ii moxcaugocmi 6 0A3060My CMAHI 8UKOHYBAMU NOKAAOeHi HA Hei QYHKYii ckiadeHo mabauyio
BUXIOHUX OQHUX, A MAKONMC NPOBedeHO BUOIPKY, 3 AKOI CKIA0eHO MAmpuyro OaHux Oisi OXONAeHHS
BCbO2O MOJICIUBO OIiANA30HY BUXIOHUX NAPAMEMPI8, WO CYMmeBo enausae Ha pezyabmam. Ha epaghixax
NOKA3AHO CHREKMpPAibHi Xapakmepucmuky mexnonrociynux cucmem 3 MKIIC no Odinaukax obpobrenux
nogepxonw spaskie Ne 1, Ne 2 ma Ne 3.

Knrouosi cnosa: napanensni mexanizmu, BKIIC, MKIIC, 3pa3ok, nelponna mepedca, Qppeszepysanns,
WOPCMKICMb, MOYHICIND.
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