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1. Introduction

Six-membered mechanism IV class is of great interest to scientists mechanics.

Many scientists have speculated about its advantages for some kinematic and dynamic criteria
compared to the same six-membered mechanism of class Il (Figure 1). This assumption is based on the
fact that having the same number of links it contains a four-bar closed contour variable [1-4].
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One of these criteria is the order of the polynomial curves of connecting rod. The higher the order of
the polynomial, the more complicated curve can reproduce mechanism [5-7]. Consequently, the greater
the chances of the mechanism. In [8] it is shown that the mechanism of six-membered class Il reproduces
curves of connecting rod, corresponding to the polynomial of the 18th order. In this paper we investigate
the mechanism of six-membered class IV, which differs from a similar mechanism of class II only its
structure.

Recurrence relations. Consider dyad OBM (Figure 2), where OB = a, BM= [/, BM; = k, <MBM, =
@ . Then for the points M and M;, we have [8]:
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Note that the double sign of the square corresponds to two positions M (x, y) at the same position of
the point M1 (x1, y1) (Figure 3).
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Figure 2 - dyad Figure 3 - Two assembly dyad
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2. Curves of connecting rods six-membered mechanisms of class I1.

We show that the addition of the dyad increases the order of the equation of the curve of the
connecting rod three times if the initial unit performs rotational motion (Figure 4). Mechanism II class is
obtained by successive addition to the initial link AM dyads M-B-0O and M;-B;-0;, with the condition k =

a, that is M;B = BO = a and M,B;= B;0; = a;. Let us denote: AM=r, DOA=d, MB = [ ,<MBM; = o , M,

l ,<M;B/M,=w,,0D= g, 0,D=c, then:
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Freed from the radical and of the denominator, we obtain the equation of the curve the connecting
rod, which is described by point M, as follows:

pilobvys —vwd) vy v + vy v, ) (dai - p)f =
4 - p)\ ey, v -yl vz +v7) (4ai - 1)}
Since all the operators V are algebraic functions of x1 and y1 of the second order, then the resulting

expression is an algebraic equation of the eighteenth order [8]. That is, the curves of connecting rods of
six-membered mechanisms of class Il are algebraic equations not above the eighteenth order.
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Figure 4 - Class II mechanism of six-membered

3. Bipolar coordinates

Consider a triangle with sides al, a2, a3 (Figure 5). We will choose a fourth point inside or outside
the triangle. Three other sizes bl, b2, b3 (Fig. 5) of quadrilateral were obtained compound of this point to
points of the triangle. 1-3 indices are chosen so that the opposing sizes have the same index. The fourth
point is determined by the length of two of them, for example, b1, b2. The length of the third is not chosen
at random, and follows from the geometric interrelation. Of the six sizes of the quadrilateral - five can be
chosen freely within defined borders. Sixth size can be determined from the known five sizes. We denote
the angle between @ and b 5 sizes as « , and the angle between a, and b ;as [, we obtain the equation:

cos(ax+ )= cosacos - sincx sin . If we take the squared, then this equation can take the form:

. 2 2,2
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2aibscosar, by =a, + b3 -2abscos f,a;=a;,+ a,- 2aa, cos(a+ f). If we express cos, cos, cos ()

through the sizes, we have after some transformations [9,10]:
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If there are five sizes, it is possible to calculate the sixth. For example, if there are a;, a,, as, by and b,

2
pE

for calculating - the sixth size b; equation can be used as: b; Bs; + b§ Bs1+ Bso= 0. For the coefficients




N ] 2014

Bs,, Bs1, B;o obtained the following expressions: Bi,= a§ , By = a§ (a§ —a12 —ag -b 12 -b ;)—(af—a ;)(b 12 =
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by) Bso—(ayby-ayby)(ay +by-ay-by)-ay (ay-by)(by-a,)

Figure 5 - Bipolar coordinates

Ofb ; may be defined the two values. They are applicable only when they are real and positive.

4. Curves links of connecting rods six-membered mechanisms Class IV
Use bipolar coordinates, then the relation between the radius vectors P, . and O, , is (Figure 5)
i J
[9.10]:
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where p,fi . ¢ ,f T X kfb, p,fjb =X ,fjb +7, kib and Uj (1j=0,...4 ) - dependent on the size of the
mechanism. Let us consider the dyad AcAKK;. We will assume that AcA,= AK; =a, AK= [, yron

<K;jA(Ki = @ . Then the recurrence relation (1) for the points K; and K; in the coordinate system As XY
will:

+] 'si X, Ismo-Y, (Icoso—a
Xk-a = Xk-a a ey k;a e i d g ( )*'\/(4612 _plf-a)/plf-aﬂ
/ ! 2a T 2a 2a ! !
i X, (Icosw—a)+7Y, [sinw
Y, :Yk.am_)(k.a [sinw + o )+ )*\/(4612 — o) P,
/ ! 2a T 2a 2a ! !
{ [ si
plfja - C(lea) Jo Slcllla) ,o,fl_a\/(4a2 ~Pia)! Pry +1+a* —2al cos o, (3)




Joxnaoer Hayuonanenoti Axkademuu nayx Pecnybauxu Kazaxcman

Figure 5 - six-membered mechanism of Class [V

where the signs t refer to two point position Kj in relation to the point Ki dyad AcAKK; For
definiteness, we take the "+" sign. For quadrilateral A;BsKK; the following relations hold:
2

piy =0, — &) + ¥ = ph+ 8 —28xes. Pl =l gf 13E = PR 8 20,

Substituting this in the expression (2) with (3). Let us find the a polynomial curve that draws
mechanism his point of K. For this purpose get rid of the denominator and the radical. There was a lot
mathematical transformations - "replacement” and "permutation”. For these transformations has been used
a computer program for analytic calculations «KREDUCE» [11]. Then the point K; of mechanism six-
membered class IV reproduces the curve:

B06-R1.62-S-T4(2U24-U42 +U323) + Bg 'Rzé'S'T4'U224 ++2A07'R;‘52 'SS 'T'U24'U33 +
2840 -B;-RY-S*-T-U;, + 424, -B, -R,-S* - T-U,,U,+144,-B, R, -§*-T° -U,,U,, +
+F(A0,B0,R.2,S,-T,-UU.): 0

S;,T,U; mean: B = —4alp,fla sin @ + +4aglx,fla sinw +4ag(l cosw — a)y,fla .

i,j=0,..,4,
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where  A4,,B,,R

i22
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R, :p,fia, S:(x,fia—g)ery,fia and F'(A4,,B,,R,,S,T,U;) - this is the Sum terms in the

polynomial of degree less than 34, it is completely contained in [12]. 4,,B,,R,,,S, T relative to X, and

i22
V.. are members of the second degree. Therefore it is possible to estimate the order of the polynomial.

We see that it 1s not more than 36.

5. Conclusion

Thus, we have polynomial curve connecting rod, which produces point K; six-membered mechanism
IV class. It is much higher than the order of the polynomial six-membered mechanism of class II. And that
means that the mechanism of class IV superior to its analogue class II for a specific kinematic criteria.
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Pesiome

E.C. Temupberos

(ATMaTHHCKHUH TEXHOJOTHYCCKHUH YHUBEPCHTET, T. ATIMAaTHI)

HTATYHHBIE KPUBBIE HIECTHU3BEHHBIX MEXAHW3MOB II U 1V KJTACCOB

MBK, Onaromapst Hammumio ACCypOBBIX TPYTI C M3MCHACMBIM 3aMKHYTHIM KOHTYPOM, 00IaAaroT OOIBIINMHA
KHMHEMATHYCCKUMH U JHHAMHYCCKAMH BO3MOKHOCTAMH IO CPaBHEHHIO ¢ uX aHanorami Il kmacca. ITokaxkeM 310 Amd
Hanmpasromux nrectu3peHHbIX MBK IV kmacca ¢ spamaremsebiMu mapamu. OZHHM W3 KHHEMATHUYECKHX
KPHTEPHUCB I CPAaBHCHUS PA3IMUHBIX HANPABISHOIMX MEXAaHW3MOB SIBILIETCSA  TOPSANOK  MOJIMHOMA
BOCITPOM3BOANMBIX HMMH IHATYHHBIX KPHBBIX, KOI(P(QHUIMECHTHI KOTOPOTO 3aBHCAT OT METPHUYUCCKHX ITAPAMETPOB
mexanm3Ma. B pabortax Jlesurckoro H.M. MOCBSIMEHHBIX M3YYCHUIO CBOKCTB MIATYHHBIX KPHBBIX MHOTO3BEHHBIX
HANPaBILIOIMX MexXaHm3MoB 1l kiacca, ObIIM BBIBEICHBI YPABHCHHS HEKOTOPHIX BHAOB INATYHHBIX KPHBBIX H
VCTAHOBJICHA UI1 HHUX 3aBUCHMOCTh MEXKAY MAKCHMAIBHO BO3MO’KHBIM ANTEOPaMHCCKUM IOPSIKOM INATYHHOH
KPUBOM M YHCIOM 3BCHBEB MEXAHH3MA, NMPHYEM YCTAHOBICHO, YTO INSCTH3BCHHBIM MexaHusMm Il xmacca ¢
BPAIATCITFHBIME TMAPAMH BOCIPOH3BOJHT HCPTAIMCH TOukoil M, B 00ImeM cCiyuac, MMATYHHYK) KPHBYIO,
OTHCHIBACMYIO MTOJHHOMOM He BhIIIE 18-ro mopsaka. Uem BeIe mOpAIOK MOJMHOMA INATYHHOH KPHBOH, TeM 0olee
CHOKHYK) KPHBYK) MOYKET BOCHPOH3BECTH HANPABLAIOINM MEXAaHH3M H, CICAOBATCIBHO, TEM IIHPE €ro
KHHEMATHYCCKHE BO3MOIKHOCTH.

B nmamnO# paboTe A CPAaBHUTEILHOTO HCCICAOBAHMA (C TOYKH 3PESHUS THOPAAKA TOJMHOMA NIATYHHBIX
KpHBBIX) BHIOpaH oauH n3 MBK - Hanmpasistronmmii mecTu3BeHHbIH MexaHm3M [V kimacca ¢ BpamaTeIbHbBIMA MapaMu
Kak HamOojce ONMBKMHA K HANMPABILIOMICMY INICCTH3BCHHOMY MexaHm3My Il xmacca (KOTHYICCTBO 3BCHBCB H
KOJIMYECTBO KHHEMATHYCCKUX BPAINATEIBHBIX AP Y HUX OJWHAKOBO) M OTIMYAFOINMKCS OT HETO JIMIOb CBOCH
CTPYKTYPOHL.

ABTOpPOM [aHA OLECHKA TOPSIKA MOJMHOMA TOYKH IIATYHHOTO 3BEHA HAIPABJLIIOMICTO IIECTH3BEHHOTO
mexarusMma [V kmacca. On, B o0memM ciy4ae, He Oomee 36 mopsaka. TakuM 00pa3oM, OH OKA3aiCad 3HAYUTCIHHO
BBIIIC, YEM Y AaHAJOTHYHOTO MICCTH3BEHHOTO MexaHm3Mma Il kimacca m 3HAaYMT 1O BBHIOPAHHOMY KPHTEPHIO
IIECTU3BEHHBIA MexaHu3M [V kiacca npeocxoaut ceoi anasnor Il kimacca.

Kmouesnie ciioBa; maryH, kpusas, Mexanu3M II xmacca, mexanmsm [V xiacca.

Pesrome
Temipberog E.C.
(AMaTBI TEXHOJIOTHSUTBIK YHUBEPCHTET)
11 ’KOHE IV KJIACTBI AJITBIBYBIHABI MEXAHU3M/JIEPITH KUCBIKTEI B¥JIFAKTAPEI
OsrepmMeni TYHBIK KOHTYPIBI Accyp rpymmanapbeiaa 6aiaansicTl [ kmacTsl OanamManapbIMEH CabICTHIPFAHAA,
KKM eTe YIKEH KHMHEMATHKAJBIK >KOHE AWHAMHKAIBIK MYMKIHIIKTEpre me OO0bIm OTHIp. byn MyMmkiHmikrepmi
afiHaIManel skynTapMeH IV kmacctel  anteiOyeiHABI Oarertraymbl  JKKM-me kepceryre ©Oomamel. Oprypr
OaFpITTAayIBI MEXAaHU3MACPIC CANBICTHIPY YINIH KHHEMATHKAIBIK OJIICMHIH Oip TYpi K03((HUICHTI MEXaHU3MHIH

MCTPIIK MAPAMCPIICPIHE TOYCIAl KHCHIKTHI OYIFAKTApFa MKAHFBIPTY VIOIH MOJHHOM TOPTiOi Oosbm Tadpumamsl. 11
55
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KJIACTHI KONMOYBIHIBI OAFBITTAYINBI MEXAHHU3MICPAIH KHCBHIKTHI OYJIFAKTAPBIHBIH KACHETTEPIH 3EPTTEYIC apHAIFAH
H .M. JIeBUTCKUHIH KyMBICTAPBIHIA KACHIKTHI OYJIFAKTAPABIH KCHOIP TYPICPIHIH CCCNTCPIH KOPCETII, KUCHIK OYIFaK
JKOHE MEXAHW3M OYBIHIAPBIHBIH CAHBI APANBEBIHAAFBI TOYCIILTIKTI anreOpanslk ToprinTe OekiTkeH. OHbIH INNHAC
atftHaMansl sxymmeH I kmacTsr anTeIOybIHAB MEXaHH3M M HYKTECIH ChI3a OTIll, KHCBHIKTHI OYIFakTsl 18 ToprinTeH
JKOFapbUIaMal cumatTaiasl. KHCHIKTHI OYIFaK MOJXHHOM TIPTIOl JKOFApBLIAFaH CAWbIH, OAFBITTAyIIBI MCXAaHU3MHIH
KYPACT CHI3BIFBIH AIyFa O0Iambl.

BepinreH xyMbIcTa 3apTTEY /i CANBICTHIPY VIIiH, KHCHIKTHI OYIFAKTHIH MOTHHOM TOpTiOl 6otibiHma JKKM ymrin
afHaIMAaNel XyHreH [V KIacTel anTbIOyBIHABI OAFBITTAYINBI MEXAHW3M (KMHEMATHKAJBIK AWHAIMAIBI XKYII CAHBI
JKOHE OYBIHIAp CaHBI Oipacii) KypbLIbIMBI KOHIHCH aHbIpMAIIbLIBIFGL O0ap, 11 KaacTel OareITTayIIbl MEXAHU3MIE CH
JKAKBIH CKCHIH KOPCCTCIL.

IV xmactel anTeIOyBIHABI OAFBITTAYINBI MEXAHU3MHIH OYJFAKTHI OYBIHBI HYKTCCIHIH IIOJIMHOM TIpTiOiHe Oara
6epinren. O xanmel xarpaiiza 36 toprinTeH acmaiasl. CoHbiMeH, Oyn I kmacTel anThIOYBIHABI MEXaHU3MHIH
GamaMachIHAH aHAFYPIBIM KONTIriH kepceteni. IV KiaacTel anTeiOybIHAB MeXaHu3M OcpiireH emmemM OoibrHmA 11
KJIACTHI OAIaManaH apThIIl OTHIP.

Tipek co3aep: OYIIFaK, KHCBHIK CBI3BIK, 11 KmacTel MexaHusM, 1Y KIaCTBI MCXaHH3M.

Hocmynuna 28.12.2013 .



