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C.B. PeBenko, E.P. Toydaxk, 10.0. JlebeneHko
OIITUMAJIBHE KEPYBAHHS BATATOITPUBOJHOIO CUCTEMOIO
KAPKACHOI YCTAHOBKU ITAPAJIEJIbHOI KOHCTPVYKIIII

AHomayis. Cmamms onucye KapKacHy YyCMaHosKy napanenbHoi KoHcmpykyii. HasedeHo ¢opmy-
JIU MEXAHIKU mMa pyxy KapKacHoi ycmaHosku. 3a 0onomMo2oio 3aiexHocmeli BU3HAYEHT NOJI0XeH-
HA ueHmpy naamgopmu, Kym BIOXUNEHHA HOpmMu BI0 BepmuKaabHOi oci. OnucaHo Makox
cnissiOHOWeHHA  KoopouHam cmpykmypu. [IpoaHanizoBaHo piBHAHHA  OUHAMIKU O/
MHO20NnpiBOOHUX cucmeM. 3a O0onomoz2ol0  pisHAHbL JlaepaHxa ompumaHa cucmema
oughepeHyianbHUX PiBHAHb, W0 ONUCYIOMb ONMUMA/IbHE NO BIOXUNEHHIO BI0 3a0aHOi mpaekmopii
pyXx Maxinyaamopa.

Knwo4osi cnosa: 6azamonpusodHa cucmema, OUHAMIKA, KAPKACHA KOHCMPYKUis, KiHeMamuka,
onmumizayis, pisHAHHA JlazpaHxa.

VY CBITOBI1 iH)KeHepHili MpaKTUIi OAHA 3 OCHOBHMX 3ajay Iie yrpaB-
JiHHS CKJIQJHUM TEXHOJIOTIUHMM OOJIaAHAHHSM, SIKi repenbavarTb CKIAmHI
TpaekTopii i KoMmbOiHaLii pyxiB BMKOHABUYOro opraHy. baraTodyHKiioHaabHi
BUPOOHMYI CHUCTeMM 3 MeXaHi3MaMM IapajeabHOi CTPYKTYpU € MPOTPecUBHO
dbopmoro opranisarii BUpOOHMIITBA, IO 3abe3mneuye epeKTUBHY POOOTY IIpuU
obMeskeHil KiJIbKOCTi BUPOOHUYOTO MEePCOHATY.

KapkacHi 6araTonpuBOIHI YCTaHOBKM € YHiBepCaJIbHUMU B e(PeKTUB-
HOMY BUpillleHHi 6araTbox MPOMMCJIOBUX 3a7au. Y Mpolleci BUOOPY KOHCTPYK-
TUBHOI CXeMM UM KOMITOHOBKM TaKOro OGjaJHaHHSI BUHMKAIOTb CKJIAIHOIII],
TOB’sI3aHi 3 po3TallyBaHHIM MPUBOiB. 1[06 epeKTUBHO BUKOHYBATH MOCTa-
BJA€Hi 1IiJi, Taki yCTAaHOBKM MalTh OyTuM o6JagHaHi Cy4acHUMU
KOMIT'I0TepU30BAaHMMM CCTEeMaMM KepyBaHHSI.

B mpoekTyBaHHi KapkacHMX YCTAaHOBOK BMKOHYETbCS aHaji3 KiHema-
TUYHUX 3aKOHOMipHOCTel 1y oOpaHOi KOHCTPYKIIii, a came: fialia30Hu Iie-

peMillleHHS Ta IIJIaHU WIBUJIKOCTEN PyXOMUX eJIeMeHTiB KOHCTPYKIIii.
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OpHMM 3 TaKMX MeXaHi3MiB € KapkacHa yCTaHOBKA IapajielbHOI CTPy-
KTypH, sika po3pobjieHa i CKOHCTpyiioBaHa B XepCOHCbKOMY HalliOHaJIbHOMY
TeXHIYHOMY yHiBepcureTi (puc.1) [1].

PucyHoK 1 — 3aranbHuit BUTJISIT, YCTAHOBKM KapKaCHOI KOHCTPYKILil

Pyx matgopMu 3 po60YMM iHCTPYMEHTOM 3Mi/ICHIOETHCSI Y BEPTUKA-
JIbHIN TUIOIIMHI i BU3HAYAETHCS PYyXOM OKPeMUX BY3J/iB y3[,0BX HaIllPSIMHUX
IITAHT, KU1 3abe3reuyeTbCsi PoOOTOI0 OKpeMMX NBUTYHiB. KiHemaTmyHa
CcxemMa CMMEeTPUYHOI0 KapKacHOI KOHCTPYKIIii 3 JBOMa HAampaBJSIlOUMMU CTe-

PKHSIMU TTIOKa3aHa Ha puUC. 2.

PucyHok 2 — KiHemaTuuyHa cxemMa KapKacHOI KOHCTPYKILii

l'eomeTpuyHi poO3Mipu ejieMeHTIB YCTAaHOBKM 3aJal0TbCSl Ha CTafil

TIPOEKTYBaHHSI i BUTOTOBJIEHHS [, [, - MOBXUHM CTPVKHIB (6aNKOBUX ejie-
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MeHTiB), “1, €2 mnomanxyu P , Ha sKiit BCTAHOBITIOETHCS POGOUMIL iHCTPYMEHT;
Bimomumu BBaXkaroTbCs BifiICTaHb MiX oropaMud = —x,, = X, , @ TAKOXK I104YaT-
KOBI IIOJIOKeHHA Sy, 1 S, KapeTox k, 1 k,.

MexaHiuHa nigmMozesib O03BOJISIE BUSHAUUTY MTOJIOKEHHS LIeHTPy Mali-
IaHYMKA, KYT BiAXWJIEHHSI HOpMaJli Bif, BepTUKAJIbHOI OCi, a TaKOX 3B'SI3KU
KOOPAMHAT KOHCTPYKIii [2]. SIKIO NPUITYCTUTH, 11O JOBKMHU CTPUKHIB PiBHI,
T06TO/,, =/ , =1, PIBHAHHSA 3B’SI3Ky MiXX KOOpAMHATaMu (X,z)Ta IepeMilieH-

HSIM KapeTok (S,,S,) NpuitMarTh BULJIA

1 S,-8)Y -4-I’+d’
X ::__.(5;2___51). ( 2 l) . : ,
2 (S,-8) +d
2 2 2 (1)
c=Lls v g [z -4l Hd
2 (S,-S,) +d

Cucremy audepeH1ialbHUX PiBHSIHb, 1[0 ONMUCYIOTh PyX MaHiMyJsITO-
pa 3 TOJOHOMHMM 3B'SI3KOM, OTPUMMaHMX 3a [JOIOMOTOK pPiBHSHb
Jlarpanxa [3, 4] 3 HeBM3HaU€HM MM MHOXHMKaMM, MOXKHa 3aIllMCaTu B HACTYII-

HOMY BUIJISIIL:

X1 = XZ’
. lﬁ 17
X2 — Sll’l a, +— Sll’l a,,
Som m , )
X X
- K F,
X4=— sin a, -COS a, +2. sm a, -COS a,.
m m
ae BBe,ELeHl ITIO3HAYE€HHSI, X =2, Fl FZ — CUJIN B JIAHKaX MaHil'[y.TIHTOpa.

B maHoMmy BUIIaAKY CTaBUThCS 3afjaua BU3HaueHHs QyHKIn x, . (), S=1,2 ne-

pPeBOOATDH CXBAT MaHiHYHHTOpa 3 ITIOYAaTKOBOTIO IIOJIO’KEHHS B KiHI.[EBI/[IZ 3a 4ac

25-1

Tu, 1o MmiHiMi3ye QyHKIiOHa:
T( . .
]=j[x§+xi}dt—>min. (3)
0
Illykani QyHKIii MOBMHHI BiAINOBigaTM TakKMM TpaHUUYHUM yMOBaM:

Xps (0 =%y o 1 Xys,(E)=X,5 |, 3HAUEHHSI SIKOl HEBIJOMO, a TaKOX
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X,4(0) = x,,(T)=0. HeobxifHi yMOBM ONTMMAaIbHOCTI MOXKHA 3aIMCaTy HACTY-

ITHUM YMHOM

H
@_ =0 (4)
oF,
Jle TaMiJIbTOHiaH H TOpiBHIOE
1., 1. . .
H:—Exzz—ixiJr/llszrﬂzxz+/13x4+i4x4 (5)
MHOXHUKM A» BU3HAYAIOTHCS PIBHOCTAMMU
. oH
A, =——,n=12,3,4 (6)
oX,
Hani raMuabTOHMAH IPUBOAUTHCS (5) IO BULY
1., . 1., .
H:[EXZZ_XZXZJ+(EX§_X4X4J (7)
OCKUJIBKM TaMUJIbTOHIaH He 3a71eXXUTh BiJ, 4acy, BiH ITOCTiAHMIA i
dH ..
i X,x,+x,x,=0
IlaHOMY piBHSIHHIO 3a[I0BOJIbHSIE PillleHHS
X1 =C11;')'('3 :CIS; 8)

Ons x,(t),k =1,3 3 ypaxyBaHHSIM 'PaHMYHMX YMOB Ma€EMO

)~ _Z[Xk(TT)S_ %] s S[Xk(T; - O], %.(0) ©)
i mic/ist iHTEerpyBaHHS OTPUMYEMO
oDy
o(t) = T3 t AT o(T)Ht” + ¢(0) (10)

Hani ipu t = T MOKHa BU3HAUUTU HEBijOMe 3HAaUEeHHS KyTa IIOBOPOTY
B KiHILI€BUII MOMEHT 4dacy ¢(t).

BucHoBku. IlpencraBieHi MeToau MO3BOJISIIOTh ONITUMi3yBaT pPOOOTY
O6araTonmpMBOOHOI YCTAaHOBKM, 30i/IbIIUTY IMIBUAKICTh i MiHiMi3yBaTu AMHaAMI-
YHi TOMMWJIKY TP PO3po0IIi MporpaMHuX pyXiB. Bysio oTpumaHo cucteMa au-
dbepeH1ianTbHMX PiBHSHD, IO OMUCYIOTh PyX MaHiMyasaTOpa, 3HalAeHi 3a J0-
TIOMOTO0 piBHSIHB JlarpaHka. PiBHSHHSI IMHaMiKy 1J1s1 6araTOMpUBOIHUX CU-

cTeM Oy IMpoaHasi30BaHi.
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OnmumansHoe ynpasjeHue MHO20nNpusooHOU cucmemol KAPKACHOU yCMAHOBKU

napannenbHol KOHCMpYKYUU

Cmames onucelsaem KAapKACHylO YCMAHOBKY napasnnensHol KoHcmpykyuu. [lpusedeHsi
opmynbl MexaHUKU U OBUXeHUS KapKacHol ycmaHosku. C nomowjbto 3asucumocmeli onpedesie-
Hbl NOJIOXEHUSA YeHmpa naamgopmsi, Y20/ OMKIOHEHUS HOPMbI OM BepmMUKAIbHOU ocu, onuca-
Hbl COOMHOWeHUe KoopouHam cmpykmypsl. [IpoaHanu3uposaHsl ypasHeHus OUHAMUKU O/
MHO020NpUBOOHbIX cucmem. C nomouiblo ypasHeHul Jlaepara nonyyeHa cucmema ouggepeHyu-
A/IbHbIX YpasHeHUl, onuckIBaOWUX ONMUMAbHOe N0 OMKIOHeHUo om 3a0aHol mpaekmopuu
0BUXKeHUe MaHunyaamopa.

Optimal control of the multi-drive system framework installation of parallel construction

The article is devoted to solving the problem of managing complex technological
equipment, which includes complex trajectories and combinations of movements of the executive
body. Multifunctional production systems with parallel structure mechanisms are a progressive
form of production organization that ensures efficient operation with a limited number of
production personnel.

Multipurpose frame installations are versatile in the efficient solution of many industrial
problems. When choosing a design or layout of such equipment, there are difficulties associated
with the location of the actuators. To achieve these goals effectively, such installations must be
equipped with modern computerized control systems.

In the design of frame installations, kinematic regularities are analyzed for the selected
structure, namely: displacement ranges and velocity plans of moving structural elements.

The article describes the frame installation of parallel construction that designed in
Kherson National Technical University. The movement and mechanics of this device are
disassembled. The movement of the platform with a working tool, which is determined by the
movement of individual nodes along the guide rods, which is provided by the operation of
individual engines.

The mechanical submodel allows to determine the position of the center of the site, the
angle of deviation of the normal from the vertical axis, as well as the relationship of the
coordinates of the structure.

The limiting possibilities of movement of the working body can be estimated on the basis
of the solution of the direct kinematics problem, and in order to find the ranges of change of the
parameters of operation of individual actuators (limiting speeds and accelerations) it is
necessary to solve the inverse kinematics problem.

Formulas for mechanics and movement of this device are given. By means of dependencies
the positions of the center of the platform are determined, the angle of deviation of the normal
from the vertical axis. Relations of the coordinates of the structure were also described.
Dynamics equations for multi-drive systems were analyzed. A system of differential equations
describing the motion of a manipulator obtained using Lagrange equations was obtained.
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PeBeHko Cepriii BoamoaumupoBuu - XepCOHCbKMII HalliOHAJIbHUI
TeXHiUYHMI YHiBepCUTeT,acIripaHT Kadeapyu aBToMaTusailii, po60TOTEXHIKM Ta
MeXaTPOHiKN.

Toydpak Epmonn Poapir - XepcoHCbKMit HaliOHAIbHUI TeXHIUHUI
yHiBepcuTeT,acnipaHT  kadenpu  aBTOMaTusallii, pOOOTOTexXHiKM  Ta
MeXaTpOHiKM!.

Jlecegenko IOpiit OnekcaHapoBUMY - K.T.H., [OIEHT, XepCOHCbKU
HalliOHAJIbHUIA TeXHIUHMI YHiBepcuUTeT,JolleHT Kadedpu aBTOMaTH3allii,
POOOTOTEXHIKM Ta MeXaTPOHIKM.

PeBeHko Cepren BaaaymMmupoBuu - XepCOHCKUI HAILMOHAJIbHbBINA TeXHUYE-
CKUIi YHUBEPCUTET, acIMpaHT Kadeapbl aBTOMATU3aIMUM, POOOTOTEXHUKU U
MeXaTPOHUKMN.

Toydaxk dagmona Poapur - XepCOHCKMUIT HAIlMOHAIbHbII TeXHUUYECKUIA YHU-
BEPCUTET, aCMpaHT Kadeapbl aBTOMATH3AIMUM, POOOTOTEXHUKY U MEXaTpPO-
HUKMU.

Jlebenenko IOpwuit AmekcaHAPOBUY - K.T.H., JOIEHT, XepPCOHCKMI HAIMO-
Ha/IbHbBI TeXHUUYECKUIi YHUBEPCUTET, NOIeHT Kadeapbl aBTOMAaTU3alM, PO-
O0TOTEXHMKU ¥ MEXaTPOHUKNA.
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