ISSN 22245227 Ne5. 2015

REPORTS OF THE NATIONAL ACADEMY OF SCIENCES
OF THE REPUBLIC OF KAZAKHSTAN

ISSN 2224-5227

Volume 5, Number 303 (2015), 69 — 72

UDC 621.01

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

Letitbe U, =@/,...u’),U, :(ﬁl",___, ﬁg)r F = (fl",..., fg)f,ﬁ[ = (]71", s ﬂ’)r (i=1,..,m),- the displacement
vector and the external forces vector of i-node, respectively global coordinate system (GCS) OXYZ and
LSC O.xyz ithnode, m - the total number of nodes. Let it be

cos(X,%) cos(X,¥) cos(X,Z)

[T,"] =| cos (Y,Z.) cos(Y,)N/,.) cos(Y,Z.)

cos(Z,fI.) cos(Z,)N/,.) 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,=[1]0, F=[1)F. U =[t1u. E=<[1]'F, i=1.m,

where the matrix [T 1.] - is a transition vector of LSC i -th node in GCS and looks:

[T,]:{T'u O},izl,..m.

o T°

lT I.OJ - there is rotation matrix, so it is orthogonal: [Tf]r = [Tfr. Consequently, the matrix [T 1.] is also
orthogonal:

ot )=l et =[E] o [ =[]

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

U=U,.U,,..U,) =(u,uy,..cuy) . F=(F.F,,..F,) =(fi, fo ) (D

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

0=00.0,..0,) =G.a,... Y,

(2)

F=( R B =G 7. 1)
Then clearly, the vectors (1) and (2) are connected by the following equations:
U =[]0, F =[5 U =T U, E=[t]'F, 3)
where the transformation matrix [T ] IS:

T, O .. O
-7 % T

o o ... T

m

We will show that the matrix [T ] is orthogonal:
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Therefore, for [T ] performing an orthogonal property:

(1Y -[rl=lr} T = [E] or [T =[]

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

[K]-U =[F] “

where [K ] - stiffness matrix models in GCS OXYZ.

Transforming this equation with an orthogonal matrix:

[rY [kl =[rFlr] or [) [KIEW =[] [F]or [P [KIrTrT U =[7T [F] (5)

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

[T IKTr =|F]

Denote the [E]: [rT[k]r] - there is stiffness matrix models in LCS nodes. Thus, the basic equation is
equivalent to:

KIo]=I7]- ©)

- 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 —1 0 -1 ], hereto"0"inarow 3 is the ability to rotate around the site with «Y» and
node 25 view [ -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 35 degrees of freedom in pairs (Figure 1). For example, for a pair of nodes 3,46 ID 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°4/ax", 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
clastic displacement have on five degrees of freedom of the same value, and only the angular
displacement relative to the axis "Y" are different.
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Fig. 2 Linear elastic displacement schemes constructions

—m—Range1l =—-—+—-Range2 -—s=—Range3

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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Annotammsi. Kak W3BECTHO, pacyeT HKECTKOCTH W IHMPOYHOCTH MPOCTPAHCTBCHHBIX KOHCTPYKIHUH PBIYAKHBIX
MexaHmMOB (PM) ¢ MCTIONMB30BaHHEM METONA KOHCUHBIX 31eMeHTOB (MKDJ) 1m0 CcHX mop SABIACTCS MPOOICMOMH.
3mece maercs OOOCHOBAHHC IOAXO0JA, KOTOPBIH MO3BOMACT HCHOMB30BaTh MKD mag aHanmm3a >KSCTKOCTH H
npoyHoctu PM ¢ xuHematmueckuMu mnapamu  (KII) npou3BOABHOM OpHEHTAUWMU B MpocTpaHcTBe. HMues
MPEIIaraéMoro METOA 3aKIIOUYACTCA B TOM, YTO OCHOBHOC YPAaBHCHHC PABHOBECHS PEHIACTCS METOIOM KECTKHX
V37I0B B JOKAIBHBIX CHCTEMAX KOOPAMHAT TIap.

B pabotre mactca 0OOCHOBAaHHAS SKBHBAJICHTHRIMH MATCMATHUCCKHUMH MPCOOPA30BAHMAMH Pa3pCIHAFOIIAs
CHCTEMa YPaBHCHHH, NMOJYYCHHAS I JIOKAIBHBIX CHCTEM KOOPIMHAT KOHCUHBIX CTCPKHEBBIX JIICMEHTOB. Ee
pEIICHHEM HAXOMATCS YIPYTHE JOKAIBHBIC IEpeMEINCHMS. [Ipe/uiosKeHHBIH METOM SBISIETCS 3KBHBAJICHTHBIM
H3BECTHOMY METOJy, OCHOBAHHOMY HA PEIICHHHU PA3pEINArOIICH CHCTEMBI YPABHCHUH, MOJMYyUCHHBIX B TI00aTbHON
CHCTEME KOOPAMHAT.

Jlaetcs mpumMep, B KOTOPOM PAacCMAaTpPUBAETCS KOHEYHO-3JICMCHTHASI MOJCNIb KOHCTPYKIMH CXBaTa rperdepa,
cocrosmas u3 59 3ICMCHTOB, COCAMHCHHBIX B 57 y3max. Pa3pa0oTaHa KOMIBIOTCPHAS MPOrpaMMa, PEaaH3yomas
BBIMICOMMHCAHHBIA MOXX0A. JIaHbI Tpa) KK THHCHHBIX H YTJIOBBIX nepeMenicHnl. OHH MOKA3BIBAIOT, UTO CIBOCHHEIC
V3761 HMCIOT IO TLITH CTETIICHEW CBOOOMBI TC K€ 3HAUCHUS, M TOJHKO YTJIOBOE CMEIICHUE Y HHUX IO OCH BPALICHUS
Pa3IAvHEL

A2 TTAMJTAJTAHBII UTHTIPEKTI MEXAHU3M/IEPAI ECEIITEY/IE
KHUHEMATHKAJIBIK ITAPJIAPJABIH BAT JAPJIAPBIH ECKEPY

Temipdexon E.C.

AIIMaTBI TEXHOJIOTMAIBIK YHUBCPCUTET 1

Bemrini xarmaitt GobibmHmia, ADO maiijanaHbml, HIHTIpeKTI MexaHmmuepAiH (M)  KeHICTIKTIK KYpPBUTMATaphIHBIH
GepIKTITiIMEH KaTaHBIFBIH €CEITey OCHl YaKBITKa JeHiH MaHbI3IbI Macele GOIBIT oThp. MyHaa ADO maliialaHbIl, UIHTIPEKTL
MEXaH3MIEP/IIH KUHEMATAKAIBIK TapalapbhlHbH KEHICTIKTe epikTi GaraaplaphbHBIH KaTaHABIK SKoHe OepikTIriH TamjaayIbIH
HeTi3r KajaMaapbl Oepilill OTBIp. bBepililm OTBIpFaH SICTEMEHIH WAICHI, Telle-TeHIIK TeHJCYIHIH HeTi3l MaplapbIHbIH
JKaTMbUIAHFaH KOOpHATaTIap JKYHeciHIH KaTaH TYWIHISPIHIH /IiCiMEeH TIeTTiIe /Il

Bynm KyMBIC aKBIprbl CHIPBIK DIEMEHTTEPIHIH KOOpAMHATaldap >Kyleci YINH alblHFaH TeHJeY JKYHeciH IerieTiH
SKBUBATEHTTI MaTeMATUKAIHIK TYypIeHIipyre HerizaenreH. OHBIH MENTiMi JKaTIbUIaHFaH CePIiM/l OPBIH aybICTRIpYTap GONBIT
TaOhUTa bl ¥ CHIHBUIBIT OTHIPFAH 9JIiC, ayKBIMIBI KOOPIMHATANAD JKYHeCiHe alblHFaH TEHAEYIep KYMeciHiH pyKcaT eTiireH
IIeNIMIHE Heri3AelreH Oerinl dICTIH DKBUBAIEHTI O0IaIbl.

57 TydiHgepAe KOCBUIFaH, 59 nIeMEHTTEH TYpaThiH, Ipeiidep YCTaCyBHBIH KYPBUIMACHIHBIH aKBIPFBI 3IEMEHT YITiCiH
KapacThIpaThlH — MBICAliap KapacThpbUraH. JKoraphlia alTBUIFAH KaJaMbl iCKe achIpaThlH KOMITHIOTEPIIK OarjapiaMa
JKacaFaH. BYPHINTHIK JKOHE CHI3BIKTHIK OPBIHAYBICTBIPYIAP/IbIH Chl30anapbl Oepinrer. Kocakranmrad Ty#HiHaep 6ec epKiHIIK
JI9peKeciHe ue, al, GYPHIIITHIK BIFBICYIap/IbIH afiHaTy ecTepi dpTYPIi GOMAaTHIHBIH KOPCETE/.
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