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IMAPAJIEJIbHOI CTPYKTYPU

Abstract: Layouts of the metal-cutting machines
with the mechanism of parallel structure (MPS)
based on the biglide and bipod types are under
consideration. The techniques increase
functionality in the machine’s layouts without
increasing complexity of the MPS kinematic
structure and the layouts mathematical modeling
are shown.
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INTRODUCTION

Mechanical engineering nowadays widely
implement high technologies using equipment
based on mechatronic systems. Lathes with the
kinematic links and an end-effector (EE) form
closed machine space. These machines use the
mechanism of parallel structure, that have certain
advantage in comparison with traditional
consecutive kinematic links [ 1 ]. Those advantages
are: increased number degrees of freedom (DoF)
and EE high velocity and EE high acceleration,
machine polyvalence, processing of all sides of the
detail (except the basic side) after one mounting.
The technical shortcomings of the machine layout
cannot be corrected by future improvements of the
components and constituents. Therefore, the
crucial design stage is the step of selecting layouts
in accordance with given technological tasks [2, 3].

PROBLEM STATEMENT

The hexapods, tricepts modules and others
MPS with the variable length telescopic equipment
are widely offered recently. This trend is based on
the desire of the developers to ensure full
functionality only by the kinematic properties of new
MPS equipment. However, there are certain
restrictions: i.e. angle of the joints, bars length,
increasing of the metal consumption, small working
space, angles of tool-detail approach and the
others. To enhance the technological capabilities,
ensure quality and functionality, generally use
following ways: improvement of kinematic structure
of MPS; improvement of assemblies and
components design; creation of optimal compiling
equipment combined with the traditional kinematic
structures.

AHomauyis: Po3znsHymo rnpoekmyeaHHsi KOMMOHO80K
memariopizanbHux eepcmamie 3 MIIC Ha oOcHosi
bienatida i 6inoda. HaeedeHi wnsxu 36inMbWeEHHS
yHKUiOHasIbHOCMi 8 KOMIMOHO8Kax eepcmamis 6e3
ycknaOHeHHs1 KiHemamuy4Hoi cmpykmypu MIIC i ix
Mamemamuy4He MoOeso8aHHs.

Knro4oei  cnoea: KOMIIOHOBKU, — Memariopi3arbHi
eepcmamu,  MexaHi3amu  fapasnesibHoi  cmpyKkmypu,
mamemamuyHe MOOerTto8aHHs1

BCTYN

B cyyacHux ymoBax B mawwmHOByAyBaHHi LLUMPOKO
BMPOBaAXYOTLCA BUCOKI TEXHOMOFiT 3 BUKOPUCTaHHAM
TEXHOMNOrYHOro obragHaHHA Ha OCHOBI MEXaTPOHHMX
cucteM. Y BepcTtaTHOMy obnagHaHHi 3 KiHeMaTUYHUMMK
naHkamu i BUkoHaB4YMM opraHom (BO), wo yTBOptoloTh
3aMKHEHWI NPOCTOPOBUIA KOHTYP, 3aCTOCOBYIOTb Mexa-
Hi3Mn napanenbHoi cTpykTypy (MIMC), Ski MaloTb NeBHi
nepesary B NOPIBHSHHI 3 TpaguLiHUMKN NOCNIAOBHUMU
KiHemaTuyHumKn nadutorammn [1]. A came, nigBuLieHa
CTYNiHb BiNbHOCTI i BUCOKi LUBUAKOCTI Ta NPUCKOPEHHS
BO, 6araTodyHKUiOHanbHICTb 06nagHaHHsA, MOXu-
BiCTb 00pobGkM meTani 3 ycix 6okiB (kpim 6a3oBoi) 3a
OAVH YCTaHOB. TeXHiyHi Heaoniku, JONyLLEHi B KOMMO-
HOBLi BepcTaTy, HEMOXIMBO BUMNPaBUTM B NOAAnbLUO-
MYy YOOCKOHaNeHHSM OKpeEMWX BY3IiB i CKNagoBuX ene-
MEHTIB BepcTaTHOi cuctemu. Tomy BignoBiganbHUM
€TanoM MPOEKTYBaHHS MPU BUrOTOBMEHHI BEPCTATHOMO
obnagHaHHA € eTan po3pobku KOMMOHYBanbHOI CXeMu
Y BiANOBIQHOCTI 4O TEXHOMOTYHMX 3agad [2, 3].

NMOCTAHOBKA MNMPOBJIEMU

B ocTaHHii Yac LWMPOKO MPOMOHYTLCA BepcTaTu-
rekcanogu, mogyni Tricept i iHWi 3 TeneckoniyHUMK
WTaHraMy 3MiHHOT JOBXMHUW. [laHa TeHAeHUia rpyHTy-
€TbCSl Ha MparHeHHi po3pobHUKIB HOBOro obnagHaHHS
3abes3neunTn MNOBHY (yHKUIOHANbHICTL nuwe 3a pa-
XYHOK KiHeMaTu4Hux Bnactmsoctern camoro MIMC. Op-
HaK, NpyY UbOMY 3’SIBMNSIOTbCS MNEBHI OMEXEHHS: KyT
NMOBOPOTY LWIAPHMPIB, [OOBXWHA LWTaHr, nigBuLleHa
MEeTanoEMHICTb, HEBEMWKMIA pPOBOYMI MPOCTIp Ta KyTu
nigxoay BO pno o6pobntoBaHoi noBepxHi i iH. Ans pos-
LUMPEHHSI TEXHOJIONYHMX MOXITMBOCTEN, 3abe3neyveHHs
NoTPiOHOT AKOCTI Ta PyHKLIOHANbHOCTI BU3HAYaTb, SK
npaBuo, HaCTYNHi WNAAXU: YOOCKOHANEHHS KiHeMaTuny-
Hoi cTpykTypn MIC; yoockoHaneHHs KOHCTPYKLUii By3-
niB i CKNagoBWX €NeMeHTIB; CTBOPEHHS ONTUMarnbHOI
KOMMOHOBKM 00OnagHaHHs B NOEAHAHHI 3 TpaguuiiHumm
KiHEMaTUYHUMUK CTPYKTPaMU.
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MAIN ARTICLE

Combining biglide machine tools in one layout
with a rigidly fixed instrumental spindle on a
movable platform, but with different initial
orientation, get production line for detail processing
from the six sides (fig. 1). This assembly consists of
the six separate sections, with plane work area and
a pallet conveyor. This layout decreases in metal
consumption and dimensions, but overall
functionality remains the same.

There is a need to equip the spindle tool by a
turning device on the moving platform (relative to
the axis of X, and (or) Y) in order to reduce the
machine size and metal consumption (fig. 2).
Then the layout consists of two sections of MPS,
each includes features four sections of the MPS
(see Fig. 1). For example, the rotation axis X
section 1, 2, 3, 4; the rotation axis Y section 3, 4,
5, 6. Thus, the single module layout reduces the
metal consumption and dimensions by three
times and gives a possibility to use only one
machine.

OCHOBHWW TEKCT CTATTI

Axkwo ob’egHaT poO3rMsAHYTI BUKOHaHHA BepCTaTiB

Ha ocHosi MINC Girnang B 04HY KOMOHOBKY 3 XXOPCTKO
3aKpinnNeHUM iHCTPYMEHTarnbHUM LWNMHOENEM Ha pyxo-
Min nnatdopmi, ane 3 pPi3HOK MOYaATKOBOK OpieHTa-
Lji€eto, OTPMMAEMO TEXHOIOriYHY NiHito Ans o6pobku Ae-
Tani 3 wectn 6okiB (puc.1). Taka KOMMOHOBKa CKna-
[aeTbCH 3 LIECTU OKPEMUX CeKUi, e poboYo 30HOH
O6yne nnowwmHa i koHBeepa nanet. [JaHa KOMMOHOBKa
nporpae B MeTanoeMHOCTi Ta rabaputax, ogHak 36e-
piraeTbcs 3aranbHa yHKUiOHanNbHICTb. s 3MeHLeHHS
rabapuTiB i METarnoeMHOCTi BepCTaTy NOTPIOHO OCHACTUTK
IHCTPYMEHTaNbHWA  LINMHAENb MPUCTPOEM MOBOPOTY Ha
pyxowmin nnatgopmi BigHOcHoO oci Xi (abo) Y (puc. 2).

Topi komnoHoBka Oyne cknagaTicst 3 OBOX CeKLin 3

MIIC, koxHa 3 SKuX BKIOYaE BMaCcTUBOCTI HOTUPLOX CEKLIN
3 MIC no pwuc.1. Hanpuknag, obepTaHHsi HaBkono oci X
cekuii 1, 2, 3, 4; obepTaHHsi HaBKoso oci Y cekuii 3, 4, 5, 6.
TakyM YHOM, BBEAEHHS OAHOMO MOAYNS NMOBOPOTY 3HWXKYE
MeTarnoeMHICTb i rabapuTv B TpW pasun i Jae MOXMBITb
BUKOPVCTATN OAVH BEPCTaTHWIA CTif.

Fig. 1 — Integrated layout of the mill-drilling machine with different initial spindle orientation / O6°¢0HaHa KomMnoHoeka
c8epOnunbHO-ghpe3epHO20 eepcmamy 3 Pi3HOK 104amKOBOK OpieHMauieto WnuHOess

Substantial reserve for increasing the layout
quality can be the discrete position options [ 8 ].
These position types are: horizontal, vertical with a
slope, turning at 45°, 90°, 180°, filling free space,
location of point-line, multiple lines, on a plane and
etc. The result of the working planes intersection of
the MPS is a frame-layout with either a shared
column with circular conveyer pallet (fig. 3, a) or
counter location MPS in cross-table machine (fig. 3,
b).

For determining the kinematic properties of the
configurations with MPS we build bipod and biglide
layouts in dependence of the controlled driving
coordinates. This layout responds mixed kinematic in

various combinations of controlled coordinates Xp ,

Xg, la. Ig. The mechanism layout formed by two

kinematic chains AK and BK the shared connection
point belongs to the top of the closed triangular path
AKB.
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CyTTeBMM pe3epBOM MiABULLEHHS KPUTEPIIO AKOCTI
KOMMOHOBKU MOXe 6yTV BUKOHAHHS OUCKPETHUX 3MiH
[8]: monoXeHHs1 ropu3oHTanbHe, BepTUKanbHe, 3
Haxurnom, noBopoT Ha 459 90°, 180°, 3anoBHEHHSN
BilTbHOTO NMPOCTOPY, PO3TaLlyBaHHA B TOYLi — MO MiHii,
OeKiNnbKOX MiHIAX — No AAOWMWHI i T. iH. PesynbtaTtom
nepetuHy pobouux nnowmH MIMC 6yaoyTe KapkacHi
KOMMOHOBKM 3 CRiMbHOK  KOMOHOK i KpyroBuMM
KoHBeepom naneT (puc. 3, a) abo 3 3yCTpivHUM
postawyBaHHaMm MIC B 30Hi A4ii  xpectoBoro
BepcTaTtHoro ctony (puc. 3, 6).

[nsa BM3HA4YEeHHA KiHEMATU4YHUX BRACTUBOCTEWN
po3rnaHyTnx KomnoHoBok 3 MIMC nobyayemo cxemy
MexaHiaMiB 6inoa i 6irmaia B 3aneXxHocTi Big Toro,
wo Oyge nMpuURHATO 3a  KepoBaHi  MPUBOAHI
KoOpAMHaTK | TakoX BianoBigae 3millaHii KiHemaTuui

. . . X
B PI3HUX KOMOGiHaLisix KepoBaHUX KoopauHat A,

B, IA, IB. Cxema MexaHi3My yTBOpeHa [Boma

KIHEMaTUYHMMKN NaHLUramm AK BK, cninbHa
TOYKa 3'€QHaHHA SKUX HanexuTb A0 BepLunHU

TPUKYTHOIoO 3aMKHEHOro KOHTypa AKB .
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Fig. 2 — Double spindle mill-drilling machine layout with rotation module of the spindle on movable platform / JeownuHdensHa
KOMroHoeKa ceepdnusbHO-ghpe3epHo20 sepcmamy 3 MoOyieM nogopomy wnuHAesns Ha pyxomiti nnamegpopmi

Fig. 3 — The layout of a four-spindle drill-milling machine: a — with separate working zones of the MPS: b - with crossed working
zones of the MPS / KomroHogka 4omupboXwnuHAenbHo20 ceepOriuribHO-(hpe3epHO20 8epcmamy: a — 3 PisHUMU poboquMuU
3oHamu MIIC; 6 — 3 poboyumu 3oHamu MIIC, wo nepemuHaromscsi

The solution of this problem is considerably
simplified if abandon calculation of the intermediate

coordinates 67,0, and put the condition of

existence of searched point K at the intersection of
two circles with radiuses equal to the length of the

rodsRy =15, R, =l with the position of the
centre of the corresponding circle on controlled
axes(Xa,Ya) and (Xg,Yg ) (fig. 4).

The solution of the system (1) relative to Xk ,

YK are quadratic equations:

Po3B’si3ok AaHoi 3agadi CyTTEBO CMPOLLYETLCH,
SAKWO  BiAMOBMTUCA  BiO  PO3PaxyHKy  MPOMDKHUX

koopavHat 6,65, i noctaBuTM ymoBY iCHyBaHHSI
LLYKaHOI TOYKM K ha nepeTuHi ABOX Kin 3 pagiycamu,
LLIO OOPIBHIOKTL AOBXMHI LUTAHM Rl = |A, R2 = |B, 3
MONMOXEHHSM LEHTPY BiAMOBIAHOMO KOMa Ha KepoBaHMX
koopanHatax (X,,Y,) 1@ (Xg,Yg) (puc. 4)

Poss’askom cuctemn (1) BigHocHo Xk , YK
OyayTb KBagpaTHi PiBHSAHHS:

{(XK _XA)2 +(YK _yA)2 —R12 =0; @
(xk —x8)* +(yk ~¥B)* ~Rp” =0.
SlyK2+82yK+83=O, P]_XK2+P2XK+P3:O, (2)

where / ne S1,S2,53, P, Py, P3 - coefficients / koediuieHTn:

S;=4(yg% +yaZ +xg% +XAZ ~2-(YA-YB + XA XB));

Sy =4(Ri%-ya-Ro?-ya+R22-yg -Ri2-yg -yed-yad —xa?-ya-xa% -y +

+yg2-ya-xg2 YaA-xg% VB +YAZ-YB +2(XB -XA-YA+XB XA YB))
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S3=-4-(xa-xg(ya? +YAZ ~RiZ —Rp?) +(xp> - xg —xg> - xp)) +
+2-(yp2 - (R> —Ro?)* + (xa2-ya% +xg% yp2 +xa2 - yg% -ya% - yp° +
+yaZ xg2) +6xa% xg? +xpt +ypat +yp? +xp% —2Rp? - (xg% + ya? —xa?) -
~2R? - (xa? —ya? —xg?) + Rp* + Ryt - 2R % Rp?;

2 2 2 2 2 2

o Py g, py o (53°YB)=XA" —YA" +Xg" +yp” +R1" —Rp”

P=51; Pp=53; P3= ;
(XA —xB)

Solving (2) gives two roots for each of the Mpu po3B’a3aHHi (2) oTpUMaeMo OBa KOpeHsa Ans

coordinates Xk , Y of the output link

KOXHOro 3HayeHHss Xk , YK koopauHaTt BUXiAHOT NaHKn

~Sp+/S3 -4 -S3 ~Py P2 4P -Py

XK12 = 5t ;YK12 = , 3)

P

Fig. 4 — Output link -platform function scheme: a — two-coordinated MPS; b, ¢ — three-coordinated MPS / Cxema 8u3HayeHHsi
bYHKUi MON0oXeHHs1 8UXIOHOI raHKu-rnamegopmu: a — dsokoopduHamHuli MIIC; 6 , 8 — mpukoopduHamHut MI1C

The equations correspond to the position OTpvMaHi piBHAHHA BigNoBigalTb OyHKUiT nono-
functions of the MPS bars connecting point in the XKEHHSI TOYKM ChinbHOro 3’'egHaHHA wTaHr MIMIC B
triangular form and can be used for modeling TPUKYTHOMY KOHTYpi i MOXyTb OyTu BMKOpUCTaHi npwu
another MPS, for example, by adding a segment mMoperntoBaHHi iHwux MIMC, Hanpuknag, Npy AoAaBaHHi
KM to an output point K makes a segmental output 0O TOYKM Bigpi3ka BMXigHa naHka npunmae BUrMSa4
link ( the platform projection). Bigpi3ka (mpoekuii nnarcopmu).

Fig. 5 — Composition of MPS in one framework arrangement to the machine-tool due to discrete changes / Komnosuuis MI1C e
00HiIl KapKacHil KomroHosui bazamownuHOensHo20 8epcmamy 3a paxyHoK OUCKPemHUX 3MiH
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CONCLUSIONS

Thus, MPS with minimum degrees of freedom
(either two DoF or three DoF) can compete with
the multilevel kinematic MPS through rational
layout, aligned with the technological tasks of a
processing machine. Ways to achieve this goal -
discrete changes in the spatial components of the
mixed kinematic machine tool system. The layout
quality assessment is necessary to define by
composite weights coefficients. Flat MPS have
quite  convenient method of geometrical
determination for the EE position analysis. This
method give us the output link position function,
based on the controlled coordinates, including the
spatial, without calculating intermediate
coordinates. Due to some simplifications of the
original MPS layout, without changing the structure
of kinematic closed links itself, we can get the
analytical description of the output link positions
and build mathematical models of complex spatial
rod systems.
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BUCHOBKU

Takum ynHom, MINC 3 MiHIManbHO KiMbKiCTIO CTy-
neHiB BinbHOCTI (OBa abo Tpu) 34aTHi KOHKypyBaTh 3
HaraTocTyneHeBMMM KiHEMaTUYHUMU LLAPHIPHO-CTPU-
XXHEBUMW CTPYKTypamu 3aBAsIKM paujioHarbHiA KOMMo-
HOBLi, Y3rofpKeHiin 3 TEXHOMOrYHNMN 3a4avYamMy MeTa-
noobpobHoro obnagHaHHsA. LWnaxu gocarHeHHs aaHoi
MeTU — OUCKPETHI MPOCTOPOBI 3MiHW CKNagoBWX 3MmiLla-
HOI KiHeMaTWKM BEpCTaTHOI cucTeMu. 3aranbHy OLHKY
SIKOCTi  KOMMOHOBKM HeOOXiAHO BM3HA4yaTu KinbKiCHO
KOMMNIIEKCHNM  MOKa3HMKOM BaroBux KoedilieHTIB.
Mnocki MIMC maloTb [OCUTb 3pYyYHUA MeTof reo-
METPUYHOro BU3HAYEHHS AN aHanidy nonoxeHb BO,
Wo possonde 6e3 po3paxyHKy NMPOMiIXHUX KoopauHaT
OTpUMATN 3HAYeHHs YHKLii NOMOXEHHA BUXiAHOT
NaHKK, CNMpaKtynCb Ha 3HAYEHHS KEPOBaHMX KOOpau-
HaT MINC wurpokoi rpynu, B TOMY YUCHi i MPOCTOPOBUX.
3a paxyHOK Aeskux cnpolueHb BuxigHoi cxemm MIIC,
He 3MiHIOYM caMy CTPYKTYPY KiIHEMaTU4YHMUX 3aMKHe-
HMX NaHLIoriB, MOXHa OTPUMAaTU aHaniTUYHe onUcaHHS
MonoXeHb BUXiAHOI NaHku i nobyaysBaTn TakuM YMHOM
mMaTtemMaTWyHi  MoAdeni  CKNagHuX  NpOCTOPOBMX
CTPWXHEBUX CUCTEM.
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