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Pe3ztome

B nacmosiwus mpyo e npednodcen 2eomempuyern MoOen HA PeaiHa KOHCMPYKYUs Ha pobom ¢
napanenna KUHeMamuka no memooa Ha sameopenume eekmopnu konmypu. C yen cumyaupane
Ha peuienuemo Ha npasama uiu 06pamHama 3a0ayu Ha KUHEMAmuKkama e npeoiodcet nooxoo
3a abcmpaxkmuo npedcmagsine Ha napamempusupan mooen 6 3D CAD cpeda, aoanmupana 3a

UHIICEHEPHO NPOEKMUpPAHe.
Kniouosu oymu

Pobom c napanenna kunemamuka, zeomempuien Mooei, 6eKMOpeH KOHMYpP, Rapamempusupan
mooen 6 3D CAD cpeda, modenna obracm, Kpaer eghekmop

BbBenenne

PobGotute W3BBHPIIBAT CIIOKHH
MOCTIEA0BATETHOCTH OT JBH>KEHUS U AeicTBus. Te ca
ABTOHOMHH KOMITFOTHPHO YTPAaBISBAaHW MaIlUHHU.
MexaHWYHOTO JBW)KEHHE Ha  W3ITBIHATEIHUTE
(paboTHHTE) MM OpraHu € mporpamupyemo. Llenta e
Ja ce TOCTHTHE MPEUU3HO MO3MIMOHUpPAHE H/WUIN
W3MIBIHEHWE Ha JIBIDKeHHe (TpeMecTBaHe) 110
MIpeBapUTEIHO 337aJieHa TPACKTOPHUA HA TOYKH OT
M3OBIHUTETHOTO 3BeHo. C  TOBa € CBBp3aH
(hyHIaMEHTATHUAT TPOOJEM MpPH NPAKTUIECKOTO
W3IOJI3BaHe Ha pOOOTH3MpPAaHU CHUCTEMH, a UMEHHO
Ipu  3ajajieHa TO3WIHMs W  OpHeHTalmus Ha
U3MBIHUTEIHOTO 3BEHO Jla CE€ HaMepsAT TaKhBa
CTOWHOCTH Ha 0000IIIEHUTEe KOOPAHHATH, TIPH KOUTO
CHOTBETHHST MEXaHW3bM Ja T[O3WIMOHWpA |
OpHEHTHpa KpaiHusi edekTop, KakTo € Mo 3aJaHue
[Muxaitnosa u ap. 2019], [Muxaiinosa u ap. 2021].

Eto 3amo TCOMECTPUYHHUAT U KUHEMATUYHUAT
aHaJIn3 Ha MECXaHU3MUTE, U3IIBJIHABAIIA
MaHUITyJJAaITUOHHUTC JBWKCHUSA Ha pO6OTI/ITC, €
H3KIIIOYUTEIHO BAXKEH €Tall IIPU NPOCKTUPAHETO UM.

Mmuoro ot ceBpeMenauTe CAD maketu mmart
Bb3MOXKHOCTH 33 KHHEMAaTHYHO HW3CJCIBaHE Ha
MOJICIIUPAHUTE MEXaHM3MH HA CrJIOOCHU CAMHUIIM.
[lpy kWHEMATHYHO W3ClielBaHE Ha Crio0eHa
enuHuNa, coTyephT TO3BOJISIBA OMpeleisHe Ha
pe3yJiTaTHA TO3UIIUS, CKOPOCT U YCKOPEHHUE Ha TOYKHU
OT M3TpaKJaIIuUTe 5 Tena. To3u MoIXo ] MO3BOJIABA Ja
ce  W3CIenBar, OLICHAT W  ONTUMH3UPAT
KOHCTPYKTUBHUTE BapHAHTH HA HPOCKTHUPAHUS
MEXaHU3bM.

Obexm Ha wHacmoawama paspabomxa €
pearHa KOHCTPYKLHMsS Ha poOOT ¢ mapajenHa
KMHEeMaThKa, YUiTO 001l BU € TIpeIcTaBeH Ha ¢ur. 1.
KOHCTpYKTMBHOTO ~ peLIeHWE  M3MO0JI3Ba  LIECT
eMHOTUITHH JIMHEWHM aKTyaTopa, 3aJBW)KBAHH OT
IIECT CTHIIKOBH JIBUIAaTessl, MOHTHPAHHU Ype3 IBOWHH
U CAVMHUYHU IIAPHUPHU BPB3KU — CHOTBETHO MEXKAY
HEMO/IBIKHO IIACH U KpailHus e(eKTop.

®@ur. 1. PoboT ¢ napajieJijHa KHHeMaTHKa
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Illenma wua pabomama € 1a ce cb3mane
FEOMETPUYCH MapaMeTpU3UpaH MOJIEI, ¢ KOHTO Ja ce
CUMYJIMpa pEIICHUETO Ha MpaBara MM OoOpaTHaTa
3amayda Ha kuHeMaTtukara mimsuio B 3D CAD cpena.

I[Ipy Taka TMOCTaBEHOTO YCJOBHE, 4YECTO
M3I0JI3BaH MOAXO0M € Ja ce m3rpaxaa 3D moxen Ha
oOekTa (criiobeHa eAWHUIA), ChABPIKAIL MMOAPOOHHU
3D wmoxmemn Ha OOeMHHTE Tella C HAJIOXKEHH
kuHeMatndHu Bpb3ku (Constraint) mexay Tax [Shih
et al, 2022]. Peamusupanero Ha momo0eH MOAXO. €
CBIIPOBOACHO C BHBEXKIAHE Ha 00EM OT T€OMETPHYHA
nH(popMaIus, KONTo HAMa na Ob/e M3MOI3BaH MPHU
CUMYJIAIHATA.

Tyk ce mpemrara TOIXOH, KOWTO menH
abctpakTHO TpencraBsHe Ha momena B 3D CAD
cpela, KaTo 3ama3Ba ChIIECTBEHUTE 332 CUMYJIAIUsITA
TEOMETPUYHH pa3Mepy U KUHEMaTHYHU BPB3KU
MeXIy o0ekTuTe. | eOMETpHIHHUAT MOJAEI CE ChCTOH
caMO OT pelepHH eleMeHTH (TOYKH, JIMHHH,
MMOBBPXHHUHHU), CHABPKAIIM CE B PEATHUTE Tena U
y9acTBAIld HETIOCPEACTBEHO MPH CUMYJIHPAHETO HA
KHHEMAaTHYHUTE BPB3KH MEXKTY TAX.

CTpyKTypeH aHaIu3

- Kunemamuuua u cmpykmypHa cxema

3a cp3maBaHe Ha TEOMETPUYHHUS MOJeT Ha
poboTa ca ChCTaBeHHM KWHEMaTHYHAa M CTPYKTypHa
cXema, KOMTO ca TNoKazaHM Ha ¢ur. 2a u 20.
Henonsmxuute craBu ca o6o3Havenu ¢ 0;, (i = 1 +
6), pascrosHusTa MeXay TiaXx [; = | ca paBHH, T.e.
oOpasysar paBHOCTPaHEH HIECTOBIBIIHUK.
M3nbaauTennotro 3BeHo € A1A,A;, Koero uMa
(hopmaTa Ha paBHOCTpaHEH TPUBI'BIIHUK ChC CTPaHa
u reoMmerpuueH ueHTHp E.. 3aaBmkBaHeTo ce
OCBIIECTBABA YpE3 IIECT BHHTO-TACUHU NPEIaBKH,
cBbp3Balu cboTBeTHO O4 U O5 c A4; O3 u 04 C 4y;
Os5 u Og c Az (¢ur. 2). Buaro-raeunuTe npegaBKu ca
[IOKa3aHU YCJIOBHO 4Ype3 IUTB3ralid KHHEMaTHYHU
JBOUIIH.

- Cmenenu Ha c80600a

3a Joka3BaHE Ha JOCTOBEpHOCTTa Ha
KHHEMAaTHYHATa CXEMa Ca ONPE/IEIICHN CTCIICHUTE Ha
cBobo/Ma Ha MexaHM3Ma I0 3aBuCHMOCT [['eHOBa
1994]:

5
) h=(6-b)n-1)- >(k-b)py,
k=1+b
KBJIETO:
n-— 6p05{T Ha 3BCHATa, BKIIFTOYUTCIIHO U CTOﬁKaTa;
n=14

Py — OpOSIT Ha KUHEMATHYHUTE ABOUIU OT kK~ ™" Kiiac;
P1=0;p; =0; p3 =6, py =6; ps =6
b — OpoAT Ha O0IIKTE OTpaHUYEHUS Ha JIBUKECHHUETO
Ha 3BeHaTa ¥ KHHEMATHYHHUTE JBOUIM B MEXaHHU3MA.
b=0

IMomyyaBa ce h=6. Tosa

HE3aBUCHMH  TPEMECTBaHHS B

KHHEMATHYHH JBOMIIH.

ca IIECTTEC
IIB3raluTe

a) Kunemamuuna cxema
Ps P;
O Q

6) Cmpyxmypna cxema

®@ur. 2. KuHeMaTU4YHA U CTPYKTYpPHA cXxeMa Ha po6oT ¢
napajejHa KHHEMATHKA

I'eomerpuyen Moge1. @yHKIHUA HA MO0JI0KEHHETO
3a onpemensHe Ha  TOJOXEHHETO  HA
M3ITBJIHUTEHOTO 3BEHO € BbBEJEHa KOOpAMHATHATA
cucrema Oxyz (¢ur. 3). HemoasmwkHuTe CTaBu ca
pasnonoxenu B papHuHata Oxy Taka, ye O 1 O, na
nexxatr Ha octa Ox, a Ogna nexu Ha ocra Oy.
Beprukannata oc Oz e HacoueHa Ha/A0Iy, B TIOCOKa
Ha pabOTHOTO MPOCTPAHCTBO HA PodoTa.
I'eoMeTpUYHUAT MOJIEN € Ch3/IaJICH M0 METO/Ia
Ha 3aTBOPEHHTE BEKTOpHH KOHTYpH. [lomoxeHuero
Ha MEXaHHW3Ma OTHOCHO H30paHaTa KOOpAHWHATHA
cucremMa Oxyz MoOXe Ja ce ONpEJaeiIH 4Ype3 IIecT
BEKTOPHH KOHTYpa, KOUTO ca TMOKa3aHW Ha ¢wur. 3
CbOTBETHUTE BEKTOPHH YPAaBHEHUS! HMAT BUJA:

Koumyp 1 - 0,034,

) I, +5,=5
Konmyp 2 - 0,034,544

3) L+S=5+a
Konmyp 3 - 03044,

(4) I3+5,=5;



Konumyp 4 - 0,05434,

®) L+S =S+
Konmyp 5 - 050643

(6) Is+Ss =55
Konumyp 6 - 04014145

(7)

@ur. 4. BeKTOpHH KOHTYpH

VYpaeuenus ot (2) 1o (7) oOpazyBar cuctema oT
OCeMHaZIeceT YpaBHEHHS C JBaJieCeT H CeleM
HEH3BECTHHU, KOUTO Ca MPOEKIINATE Ha BEKTOPHTE S, |
(i=1+6) uw a (j=1+3). Kem cucremara
ypaBHEHHUSI c€ N00ABSAT W CICTHUTE TC€OMETPUYHH
3aBUCUMOCTH:

®) SE+SY +577 =52

9 x2 y2 z2 _ 2
9) a?+a’ +a =a

IMapamerpusupan 3D CAD monen B SolidWorks
Ilocmpoenus:

1. PaBuure ,W*“ u ,,B”, @ue. 4 orcrosar Ha
pascTosHUsA, 3aAaeHu upe3 mapamerpure ,, HW u
,HB*“. PaBuunara ,W* mnpecwh3maBa paboTHaTa
MOBBPXHOCT OT MacaTta Ha podoTa. B paBnunara ,, B
Je)KaT TOYKHUTE Ha MpEecHYaHe MEXIy OCUTe Ha
poTanus Ha JTBOWHWTE MApHAPHH BPB3KU “0p + Og”

2. [Tonoxenuero Ha Touku “O” ce onpenens,
Yype3 WIECTOBI'BIHUK, JeXall B paBHHHaTa , B“ wu
WMaIl IbJDKUHYU Ha CTpaHuTe: [y = 1, = -+ = I¢;

3. Ilpe3 Bcsika Touka “O”, ce mocTposiBar
IpaBd B OOIIO TOJIOKEHHE M JBIDKMHUTE UM CE
opa3mepsiBa ¢ mapamerpu “S; + Sg”;

4. Kpawmmarta Ha OBe CHCEIHH TMIPaBH Ce
CBBP3BAT B ToukuTe ,, A1 “, ,,A2“n, A3";

5. dedunnpa ce paarHa upe3 Toukute ,, A1 “
,A2"m,, A3,

6. B paBHMHATA Ce TIOCTPOsIBA TPUBI'BIIHUK ,, A ]
,A2 ,,A3" 1 BrcaHa OKPBHKHOCT C LEHTHP ,,E*;

7. BpBexkmaT ce KOHTPOJHHU BITIOBH Pa3MEpPH,
3aK/JIIOYEHN CBHOTBETHO MEXKAY pPaBHUHUTE ,,Top
Plane“, ,Right Plane“ u , Front Plane”“ wu
KOHTPOJHU JIMHEMHU pa3Mepu CHOTBETHO MEXKIY
Touka ,,E-“.

®@ur. 4. Ctpykrypa Ha 3D CAD moaena

3akiouenne

W3BBPIICHOTO TE€OMETPUYHO MOJCIUpPAHE IO
METoJ]a Ha 3aTBOPEHHTE BEKTOPHH KOHTYpH €
HAYAHUAT eTal OT Ch3JABAHETO HAa KHUHEMATHYCH
MOJIel, KOWTO e Objie peaju3upaH B cpejlaTa Ha
nporpameH npoaykt Matlab, toolbox Simulink.

Kato antepHaTMBeH BapHaHT 3a pelliaBaHe Ha
npaBata W oOpaTHaTa 3ajlayd Ha KHHEMaTHKaTa €
U3TPajIcH U TeOMETPUYCH MOJIeN B mapameTpuyHa 3D
CAD cpema. 3a ompenensHe Ha 0000meHuTe
KOOPJIMHATH Ha EJIIEMCHTUTE OT MEXaHH3Ma TO3U
MOZENT  H3MO0J3Ba  TOMOJOTMYHUTE  BPB3KH,
KUHEMAaTUYHHUTE YCJIOBHS M Pa3MEPHHUTE BEPUTH Ha
W3rpajicHaTa TeOMETPUYHA CTPYKTYpA.
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GEOMETRIC MODEL OF ROBOT WITH PARALLEL KINEMATICS
M. Tsoneva, M. Milev, M. Topalova

Resume

In this paper is considered, a geometric model of a real construction of a robot with parallel kinematics by the
method of closed vector loops. With abstract representation of a parametric 3D CAD model will be simulated
the solution of direct and inverse kinematic solutions.

Introduction

The fundamental problem in the practical use of robotic systems is a given position and orientation of
the executive unit, to find such values of the generalized coordinates in which the corresponding mechanism
positions and orients the end effector as per the assignment [1, 2].

The geometric and kinematic analysis of the mechanisms performing the manipulation movements of
robots is an extremely important stage in their design and use. Kinematic models can be implemented in the
Matlab. Also, modern CAD packages have capabilities for kinematic study of the modeled mechanisms of
assembled units. In the kinematic study of an assembled unit, the software allows determination of the resulting
position, velocity and acceleration of points of the constituent bodies. Thus, the design variants of the designed
mechanism are investigated, evaluated and optimized.

The object of the present development is a real construction of a robot with parallel kinematics, the
general appearance of which is presented in Fig.1. The structural solution uses six linear actuators of the same
type, driven by six stepper motors, mounted via double and single hinged connections — respectively, between
the fixed chassis and the end effector.

A structural analysis of the mechanism was carried out in the work. A geometric model was created
using the method of closed vector loops, which is the first task of the next kinematic analysis of the mechanism.

In parallel, an approach for abstract presentation of the model in a 3D CAD environment is proposed,
preserving the essential geometric dimensions and kinematic relationships between the objects for the
simulation. The geometric model consists only of reference elements (points, lines, surfaces) contained in the
real bodies and directly involved in simulating the kinematic connections between them.

Conclusions

The geometric modeling performed by the method of closed vector contours is an initial stage of the
creation of a kinematic model, which will be implemented in the Matlab environment, Simulink toolbox.

As an alternative for solving forward and inverse solutions of the kinematics, a geometric model was
built in a parametric 3D CAD environment. To determine the generalized coordinates of the mechanism
elements, this model uses the topological relations, kinematic conditions and dimensional chains of the
constructed geometric structure.

Keywords:
Parallel kinematics robot, geometric model, vector contour, parameteric3D model, model area, end effector



