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JUSTIFICATION CALCULATING MANIPULATORS WITH ARBITRARY
LOCATION KINEMATIC PAIRS IN THE SPACE BY FEM

Y.S. Temirbekov
temirbekove@mail.ru

Almaty technological university

1 The transition to the local coordinate systems

In kinematic pairs will be elastic displacement, coinciding for general degrees of freedom. And also
various elastic displacement will appear on kinematic degrees of freedom. External forces are considered
in local coordinate system (LCS) nodes.

Let it be U, =(u},..u)" .0, =@ .. &) F = (£ 1] F =(F, ., ) (1=1,.... m) - the displacement
vector and the external forces vector of i-node, respectively global coordinate system (GCS) OXYZ and
LSC O;xyz i-th node, m - the total number of nodes. Let it be

cos(X,%) cos(X,¥,) cos(X,Z)

[Ti"]: cos(Y,%) cos(Y,y,) cos(Y,Z)

cos(Z,x) cos(z,y,) cos(z,Z)

- the matrix of direction cosines O;xyz i-th node relative to GCS OXYZ. Then for the i-th node
should be the following equations:

U =m0, F=[]F, U =Ju, F=[]'F, i=1.m,

where the matrix [7, ] - is a transition vector of LSC i -th node in GCS and looks:

T O
[T,]:{ ‘ }izl,..m.
o T’

[Tio] - there is rotation matrix, so it is orthogonal: [r°] =[r°]*. Consequently, the matrix [7,] is also
orthogonal:

o] )=l el = [E] or [n] =[]

Let it be U and F - displacement vector and the vector of the external nodal forces in GCS OXYZ:

U=U,U,,..U,) =, Uy, ...uy) F=(F,F..F,) =(f, fy,, )7 (D)

where N - number of degrees of freedom model. Similarly for LSC nodes:

0=00,0,..0,) =@, .. d,),

I )
F=(F.F ) =(F, T, 1)
Then clearly, the vectors (1) and (2) are connected by the following equations:
U; :[Ti]Ui7 F :[Ti]Fi U :[Ti]TUi’ F :[Ti]TFi 3
where the transformation matrix [T] is:

T, O .. O
m-2 T

o o0 . T,

We will show that the matrix [7'] is orthogonal:
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' 0 .. o], O .. O] [T, O .. O E O .. O

1

i e S N o

O 0O . T|[0O O .. T, o o . TT, 00 .. E
Therefore, for [T] performing an orthogonal property:

(7] -[r]=[r)-[rT = [E] or [r] =[r]"

The basic equation of equilibrium is [1-2]:

[K]-U =[F] 4)
where [K] - stiffness matrix models in GCS OXYZ.

Transforming this equation with an orthogonal matrix:

Tk =mTFlor [T [KIED =[rT'[F]or [FT[KITITTU =[TT[F] (5)

Using (3), expression (5) can be written as:

[rT[<ITD = [F]

Denote the [R]Z[T]T[K][T] - there is stiffness matrix models in LCS nodes. Thus, the basic equation is
equivalent to:

KIo]=[F]. (6)

- equilibrium equation in LCS nodes, and instead of solving equation (4) can seek a solution of
equation (6). Consequently, the proposed method is correct and is equivalent to the known method, which
is based on the solution of the equilibrium equations of the form (4). This means that the basic principles
of finite element method (FEM) and its implementation are not changed.

2 Exsample

As an example, let as consider the scheme the grapple with the following parameters. The model
consists of 59 elements connected in 57 nodes (Figure 1). GCS OXYZ chosen so that the axis OY
perpendicular to the plane of the mechanism. According to the model we introduce a matrix ID and the
coordinates of nodes. On a design of boundary conditions are imposed - the fixed hinges at the nodes of
1,2,44,45 and fixedly mounted to the node 25. Therefore, for the ID they are form:
[ -1 -1 -1-10 -1 ], here to "0" in a row 5 is the ability to rotate around the site with «Y» and
node 25view [ -1 -1 -1 -1 -1 -1]

Finite element model contains 12 pairs of rotational: 3,4,14-16,24,28,31,32,42,43 nodes have
pivotally connected to the nodes 46-57, respectively. That is, these nodes have a common coordinates and
common 5 degrees of freedom in pairs (Figure 1). For example, for a pair of nodes 3,46 1D string have the
form: [0 0 0 0 0 0],[3 33 3 0 3]

Here, the number "3" in the 46th row indicates that corresponding degrees of freedom of the 3rd and
of 46th nodes are common: for them constitute one equilibrium equation.

"0" in 5th position of the node 46 indicates a difference of rotation angles of the 3rd and of 46th node
around the axis «Y».

Finite element model is loaded with the forces at the nodes 7 and 39 to 5kN, their direction is shown
in Figure 1. Elastic elements of the model with £ =2.10°#/x*, v =0.3 and all have in the cross section

- the ring with D=0.03m u d =0.02m.

Figure 2 shows the values of the nodes displacement in the following order: on the abscissa - number
of nodes (Figure 1), the vertical axis - linear displacement along the axes OX, OY, OZ GCS - range 1,
range 2, range 3 respectively.

Figure 3 shows the values of displacements of nodes in the following order: on the abscissa - number
of nodes (Figure 1), the vertical axis - angular displacements around the axes OX, OY, OZ GCS - range 1,
range 2, range 3 respectively.

Figures 2 and 3 shows that 3,4,14-16,24,28,31,32,42,43 nodes and their corresponding nodes 46-57
elastic displacement have on five degrees of freedom of the same value, and only the angular
displacement relative to the axis "Y" are different.

— 70 ——
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Fig. 2 Linear elastic displacement schemes constructions
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Fig. 3 Angle elastic displacement schemes constructions
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3 Conclusions

This approach allows to use FEM for analysis of stiffness and strength mechanisms with kinematic
pairs of arbitrary orientation in space. The idea of the proposed method is that the the basic equilibrium
equation is solved by method of hard nodes in the local coordinate systems. The basic ideas of the FEM
are not changed here. By way of example we made the calculation on the stiffness of the hand gripping by
FEM.
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ObocHoBaHHE pacueTa MAHUITYJIATOPOB ¢ NPOU3BOJILHBIM PACHOJI0KEHUEM KUHEMATHYCCKUX ITap B
NMPOCTPAHCTBE METOAO0OM KOHCYHBIX 3JIECMECHTOB

Temupoexosn E. C.
temirbekove@mail.ru
AJIMaTHHCKUH TEXHOJIOTUYECKUH YHUBEPCUTET

KiroueBble cioBa: KECTKOCTh, INPOYHOCTb, METOJ KOHEUHBIX JJIEMEHTOB, MAaHHUIYJATOP, MEXaHHU3M,
KMHEMaTH4eckKas mapa

AnHoTanus. Kax u3BecTHO, pacdeT >KECTKOCTH M HPOYHOCTH HPOCTPAHCTBEHHBIX KOHCTPYKIUH pPHIUaKHBIX
Mexanm3MoB (PM) c¢ ucmonms3oBaHreM MeTona KOHEUHBIX anmeMeHToB (MKD) mo cux mop sBiseTcs mpoOIeMO.
3meck maeTcss OOOCHOBaHHE IIOAXOMa, KOTOPHIA MO3BOJNsAET Hcmoib3oBath MKD s aHanmm3a XECTKOCTH H
mpounoctd PM ¢ kumHematmdyeckmmu mapamu (KII) mpowm3BompHON OpHEHTanmwu B MpocTpaHcTBe. Mnmes
MpeUIaraéMoro MeToJa 3aKIF0YaeTCs B TOM, YTO OCHOBHOE YpaBHEHHE PAaBHOBECHS PEIIAcTCsS METOJOM JKECTKHX
Y3JI0B B JIOKJIFHBIX CHCTEMaX KOOPAWHAT Tap.

B pabore naercs oOOCHOBaHHas O3KBHBAJCHTHBIMA MAaTEMAaTHYCCKHMHU IPEOOPA3OBAHUSAMH pPa3peliaronias
CHUCTEMAa YpaBHEHUH, IMOJy4deHHAas AJIS JIOKAJBHBIX CHCTEM KOOPAMHAT KOHEUHBIX CTEPXKHEBBIX 3JIeMEeHTOB. Ee
peIIeHreM HaxXoIATCs YNpYyrue JIOKajdbHbIE INepeMerneHus. [IpenoKeHHBIH MeTOA SBISEeTCS 3KBUBAJICHTHBIM
H3BECTHOMY METOY, OCHOBAaHHOMY Ha pEIICHHH Pa3peIlaronield CHCTeMBl ypaBHEHUH, MOJYICHHBIX B IN00aIbHOM
cUCTeMe KOOpPIUHAT.

Jaercs npumep, B KOTOPOM paccMaTpHBaeTCsi KOHEYHO-IJIEMEHTHAs MOJIeNIb KOHCTPYKLIMKM cXxBata rpeiidepa,
cocrosimas U3 59 3JIeMEHTOB, COSAMHEHHBIX B 57 y3max. Pa3zpaboraHa KOMIBIOTEpHAS MPOTpaMMa, pearn3yromas
BBIIIICOITUCAHHBINA TOX0A. JlaHbI rpadyMKu THHEHHBIX U YIIIOBBIX epeMerieHnii. OHM MOKa3bIBAIOT, YTO CABOCHHEIE
Y376l IMEIOT TI0 TIATH CTENeHeld CBOOOIBI Te K€ 3HAUYCHUS, U TOJNBKO YIIIOBOE CMEIICHUE Y HUX 10 OCH BPAIICHUS
Pa3IHYHEL

ADO MMANJIAJIAHBII MTHTIPEKTI MEXAHU3M/IEPII ECENITEYIE
KHUHEMATUKAJIBIK ITAPJIAPJIBIH BAFJAPJIAPBIH ECKEPY

Temipoexon E.C.

AnmMaTtsl TEXHOJIOTHUAJIBIK yHnBepcleeTi

Benrini jxarmait OoitbiHina, ADO mnaiijanasHein, HiHTIpekTi MexaHmsmuaepAiH (M)  KeHICTIKTIK KypbuiMaiapbIHBIH
OCpIKTIriMEH KaTaH[BIFBIH €CENTey OChl YaKbITKa JeiiH MaHbI3IbI Macese 00ibin oThlp. MyHIa ADO naijanaHbll, UIHTIPEKTI
MeXaHM3MJIEPAiH KHHEMATHKAIBIK MapalapbIHBIH KEHICTIKTE epiKTi OarmapiapblHBIH KaTaHIBIK JKOHE OEpIKTIriH TajanayablH
HETi3ri Kajgamaapsl Oepiminm OTBHIp. Bepiminm OTBIpFaH omiCTEMEHIH  WAEACHI, Tele-TeHMIK TeHJICYiHIH HeTi3i MapiapbIHBIH
JKaJBUIAaHFaH KOOPIMHATANap KYHWECIHIH KaTaH TYWIHAEPiHiH 9iCiMeH IIenIiie .

By KyMBIC aKBIPFBI CBIPBIK JJIEMEHTTEPIHIH KOOpIMHATANlAp >KYyiHeci YIIiH amblHFAaH TEHICY JKYHeCiH IIemeTiH
9KBHBAJICHTTI MaTEMaTHKAaJIBIK TYpJeHAipyre HerizaenreH. OHBIH LICIIIMI KaJlbUIaHFAH CEPIIiMJi OPBIH ayBICTHIPYJIAp OOJIBII
TaObUTaAbl. ¥ CBIHBUIBII OTBIPFAH 9JIiC, ayKbIM/Ibl KOOpAMHATAJTApP JKYIHeciHIe alblHFaH TeHACYJIep XKYHECiHIH pyKcaT eTiinreH
[enriMine Heri3aelred Oenrin omicTiH YKBUBAIEHTI OOIambl.

57 Tyiingepne KOChUIFaH, 59 3JMEeMEHTTeH TypaThbiH, rpelidep YCTaCybIHBIH KYpPBIIMACHIHBIH aKBIPFBI 3JIEMEHT YJITIiCiH
KapacThIpaThlH ~ MBICATIAp KapacThIpbUFaH. JKorapblna alTbUIFaH KaJaMIbl iCKe achIpaThIH KOMIBIOTEpPIIK Oargapiiama
KacanraH. BYpHINTHIK %oHE CBHI3BIKTHIK OPBIHAYBICTHIPYIAPABIH ChI30anmapsl OepinreH. Kocakranran TyHiHmep Oec epKiHAIK
JIOPEIKECIHE He, a)l, OYPBIIITHIK BIFBICYITAPIBIH alfHATTY 6CTEpi OPTYPIIi OONATHIHBIH KOPCETE/II.

Ioctynuna 11.09.2015 r.
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