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KINEMATICS OF MECHANISMS OF HIGH-CLASS,
USING THE CONDITIONAL REPLACEMENT RACK

Introduction

Analysis of the studies on kinematics of high class mechanisms shows availability of variety of graphical and
numerical methods of analysis [1]. Along with such graphical and numerical methods, author has developed another
approach to positions analysis of high class mechanisms. He analytically solves this problem for some high class
mechanisms, and for the others he proposes the more simpler way of its solution. This method is called the method of
the conditional replacement of rack mechanism (MCRR). The essence of the method is as follows:

- one link in a closed contour will be selected as the rack;

- the movement of mechanism is considered relative to the selected rack;

- then the relative motion obtained chosen rack mechanism of class II;

- the angle formed by this rack and neighboring links mechanism is used as a variable parameter;

- So in relative motion the previous mechanism turns into class II mechanism;

- therefore, the previous mechanism in relative motion is converted into a simple structure;

- kinematic analysis of the provisions of the mechanism of class II is well known;

- after determining the mechanism of the provisions of Class 2, its provisions are converted to the true provisions
the mechanism of Class IV. For this purpose, the transition from the relative motion in absolute motion.
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Structural and kinematic models of the mechanisms. Consider the application of the proposed
method. Figures 1 to 6 show the mechanisms with Assur groups of different classes. We will compare the
proposed method and the conditional method of generalized coordinates. Conditional generalized method
of coordinates (CGCM) [2] is essentially the numerical version of the «way of introducing the leashy.
Thus, this method together with the advantages of « way of introducing leash» at the same time, free of
weakness graphics methods. Conditional generalized method of coordinates is a numerical method. From
the point of view of computational mathematics, this method lies in the fact that instead of system
trigonometric equations with many unknowns, in this case, you need to solve trigonometric equations with
ong unknown. Since the values of the unknown quantity are, as a rule, within a limited segment, then it is
not difficult to construct an efficient numerical algorithm for this equation [2].

Now let us compare the complexity of algorithms methods:

1) Mechanism of high class with a group of Assur IV class of second order (Fig. 1):

a) CGCM (Fig. 1): Structural Formula I (1) ---> IUV (2) ---> 1I (3, 5), where I (1) - leading link 1;
IUV (2) - conditional leading link 2, II (3, 5) - a group of Assur second class 3-5. Is dropped element 4
mechanism. To minimize the function:

A=, (7, | i

b)MCRR (Fig.1b): Structural formula I*(4) ---> 11 (3,5) ---> II (1,0), where I*(4) - Rack - 2, Index “(})”
means that for a rack is taken element 2 (Fig. 1b), leading link 4 with angular parameter v = ZBAC

Thus, as can be seen from the above structure of the algorithm, the task of analyzing the provisions of
the conditional replacement rack solved analytically. It is possible conditional rack and the leading
element of variable contour can select from 7 the following 7 variants: 2) 19 (3) ---> 1I(4, 5) ---> II(1, 0),
v = <ACD; 3) I® (2) > 1I(4, 5) ---> 1I(1, 0), v = <ACD; 4) I® (5) ---> 1I(4, 2) ---> II(1, 0),
w = <CDB; 35) I (2) --—> II(3, 5) ---> II(1, 0), ¥ = <CAB; 6) I¥ (5) ---> II(3, 2) --=> II(1, 0),
w =<ABD; 7) 19 (3) > 1I(4,2) ---> II(1,0),  =<CDB; 8) I (4) ---> II(3, 2) ---> II(1, 0),
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a)
Figure 1
v =<ABD. It is clear that the problem of determining the «initial» position of the mechanism of
conditional replacement rack mechanism can be solved analytically. Whereas in order to apply the method
of conditional generalized coordinates for this would require the minimization of a single function. This

method is much more difficult.
2) The mechanism of high class with a group of Assur I'V class third order (Fig. 2):

Figure 2

a) CGCM (Fig.2a): Structural Formula I(1) ---> Tuv (2) ---> 1I(3,7) ---> 11(4,5), where 1 (1) - leading
link 1; Iuv (2) - conditional leading link 2; II(3,7), 11(4,5) - groups of Assur second class 3-7 and 4-5. Is

dropped member 6 mechanism. To minimize the function: A =|I7 — [(X =X, )Y+ (Y. -1, )2] — min

b) MCRR (Fig.2b): Structural formula I'(3) ---> II(4,6) ---> 1I(5,0) ---> TI(1, 2), where I'(4) - Rack 7,
Index “(")” means that for a rack is taken element 7 (Fig. 2b), leading link 3 with angular parameter
v =/ABC ;

It is clear that the problem of determining the «initial» position of the mechanism of conditional
replacement rack mechanism can be solved analytically. Whereas in order to apply the method of
conditional generalized coordinates for this would require the minimization of a single function. This
course is much more difficult.
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Consider the analysis of the «initial» position of the mechanism of high class with Assur groups with
evenly distributed leashes (AGEDL) using CGCM. Here we have to drop the two links of and minimize
two functions. MCRR application solves this problem by minimizing a single function. Thus, the task of
analyzing «initial» position of such mechanisms is much simpler. We show this by the example of some of
the mechanisms high class.

3) The mechanism of high class with a group of Assur I'V class with evenly distributed leashes (Fig.3):

a) CGCM (Fig. 3a): Structural Formula I (1) ---> TuV (2) ---> [uV (3) ---> 11 (4,5) ---> 11 (6,7 ), where
I (1) - leading link 1; TuV (2), IuV (3) - conditional leading link 2.3; II (4,5), II (6,7) - groups of Assur
second class 4-5 and 6-7. Is dropped member 8 and 9 mechanism.To minimize two functions:

A =| 2=, -x ) +@,-1,)] |- min
A, =] 2=, - X+, - 1) ] |- min

b) MCRR (Fig.3b): Structural Formula I°(4) ---> II(3,8) ---> IyB (9) --->T1(0,7) --->T1(1,2), where I°(4)
- Rack - 6, means that for a rack is taken element 6 (Fig. 3b), leading link 3 with angular parameter
v = ZAEF ; Is dropped member 5 mechanism.
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a)
Figure 3

4) The mechanism of high class with a group of Assur V class of fifth order with evenly distributed
leashes (Figure 4):

Figure 4

a) CGCM (Fig.4a): Structural Formula I(1) ---> TuV (2) ---> [uV (3)--->1I(4, 5) ---> 11(6, 7) --->11(8, 9);
where I (1) - leading link 1; TuV (2), IuV (3) - conditional leading link 2,3; II (4,5), 1I (6,7), 1I(8, 9) -
19
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groups of Assur second class 4-5, 6-7, 8-9. Is dropped member 10 and 11 mechanism. To minimize two
functions:

A =| B -l X, +@, -7,)? | |5 minA, =| 12 |, - X,) +(F, ~,)? | | > min.

b) MCRR (Fig.4b): Structural Formula I*(10) -—-> TuV (11) —-> II (0,9) ---> II (7.6) > II (4.5),
where I°(10) - Rack - 8, means that for a rack is taken element 8 (Fig. 4b), leading link 10 with angular
parameter v = /BCD . Is dropped member 3 mechanism.

5) The mechanism of high class with a group of Assur VIII class of the second order (Fig.5):

Figure 5

—>15(2)—>

—1,(7) >
link 1; IuV (2), IuV (7) - conditional leading link 2,7; II (3,5) - groups of Assur second class 3-5. Is
dropped member 4 and 6 mechanism. To minimize two functions:

A= B -)X, - X))+, -Y,)’ || - min
A, =| (X, - X)) + (T, —Y.)*| |- min

b) MCRR (Fig.5b): Structural Formula I'(5) -> 1I(7) (3,6) -> I1(2,4) -> 11(1,0), where I'(5) - Rack - 7,
means that for a rack is taken element 5 with angular parameter v = ZDEF . 1t is clear that the problem

a) CGCM (Fig.5a): Structural Formula I(1) ---> — 11 (3,5), where I (1) - leading

of determining the «initial» position of the mechanism by the method of the conditional replacement of
rack mechanism can be solved analytically. In order to apply the method of conditional genecralized
coordinates would require minimization of two functions.

Conclusion. Similarly, we can analyze the «initial» provision of other mechanisms high class. The
authors developed a method that makes it easier to find the «initial» provision the links mechanisms high
class
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Pesrome
E. C. Temipberos
(AMaTBI TEXHOJIOTHSUTBIK YHUBEPCHTETI, AJMATEHI K.)

KOFAPFDBI KITACTEI MEXAHU3M/JIEP KHUHEMATHUKACHI S JICIMEH
KAJIBIIITBI TIPEY AJIMACTBIPY

JKKM xoFapbl KIACTHI MCXAHHM3MICP KHMHCMATHKACH OOMBIHINA Tamaay KOPCCTKCHACH, OJApabIH >Kardaiia-
PBIHBIH KHHEMATHKAJBIK TAXJAyBIHBIH OPTYPII TPaUKAIBIK MKOHE CAHIBIK dmicTemenepi »xacanapl. JKKM kunema-
THKAJIBIK TAJNJAYJbIH CANBICTHIPMANBI omici omi KyHre asbikraaMmarad. Asrop JXKM jkargadnapbIHBIH KHHE-
MATHKAJBIK TATAAYBIHA CpeKme omicteMme skacambl. Om Oyn ecenri keiidip KKM yImiH cambICTRIpMAnBI TYPAC, al
KaJFaHZaphl YIOIH KapamaifbIM €CeNTey apKbUIbI IIbIFapAbl. DyHBI aBTop Kanemrel TaraH anMacTteipy KTA aen
araasl. OHBIH MOHI MBIHAH/IAM:

- MEXaHW3MHIH Kauemrsl Tipeyi perinae KKM KypambIHa KipeTiH TYHBIKTHI KO3FAaIMAJbI ©3TCPMEI KOHTYP-
JI6TH Oip OYBIHBIH KOJAHyFa OOIaIbl,

- OCHI KaOBLIIaHFAH TipeyTe OailyIAHBICTHI MEXAHM3M KO3FAJIBICHI KAPACTHIPBLIAIBL,

- JKacalFaH KAIbIITHI TIPEYIiH >KOHE apajac TYHBIKTHI KO3FAIMAlbl ©3TepPMENl KOHTYPABIH Oip OyBIHBIHBIH
©3TrCPMEITi MapaMeTp PETiHAC OYPHIIITH ayFa O0TAIbL,

- MEXAHH3M, OCBLIAH CANBICTHIPMAIIBI KO3FATIBICH APKBLIBI KAPANAHbIM KYPAIBIMFA, TYPIe aifHATAIbL.

- MEXaHM3MHIH KapanmaibiM TYpre aHaIY bl YOIH MEXAH3M >KaFAaiIapbIHBIH TATAAYBIH XKAcay KAKeT,

- KaJbINTHI TIPEYAiH KOFAIBICHIHBIH alfHATIYBI TIPEYAiH aOCOMOTTIK KO3FAIbIChIHA OAWIAHBICTHI, MCXaHU3MHIH
TaObLIFaH CANBICTHIPMAIIBI JKAFIAIbI HAKTHI SKAFAaliFa aHHAIA bl

Byn xymeicta JKKM KTA Oacranmkel >KaFgaiiblH AQHBIKTAY aAITOPHTMI KOPCCTIATCH. ACCYPABIH OPTYpI
tonrapeiMcH JKKM cyperre kepcerinren. Makana OapsicsiHaa KTA KCHIHCH KOMIAHBLIATHIH KAJBINTH KAJITBI-
narFaH koopamHarTap dxici KYKKO apKeuibl calpIcTeIpMaIbl TalraaMa skacainFaHblH kepyre 6omaxpl. KXXKO Heri-
3IHEH 9JICTIH CAHABIK BAPHAHTHIH OYbIH TYPFBI3YyBIH Kepcereni. COHABIKTAH OYBIH TYPFBIY OMICIHIH OapibIK
MYMKIHZIKTEpIH HaimanmaHbIn, Tpadukanblk omicTiH kemmmimikrepineH Oocarsrmaapl. KXKKO cammpik omicrepre
skaragel. Ecemrey maremarmka Ooitbrama KJKKO xemrereH OCATiCi3ACPMEH TPUTOHOMCTPHAIBIK TCHIACYIICD
JKYHECIHIH OpHBIHA TYHBIKTAJIFAH BEKTOPINBIK KOHTYpJap omiciHaerineif, MyHaa Oip OenriciziMeH Oip CBHI3BIKCHI3
TPUTOHOMETPHSUIBIK TCHACY Il IICITY KEPEK. [3AeIIiHI OTHIPFaH MaMa, KAJIBIITHI YKaFIaiIarblIaid MEKTEITeH KECIH1
OOIbIHIIA, KOPCETIATCH TCHACYAIH THIMIL CAHIBIK AJNTOPUTMIH TYPFBI3Y KUBIHFA COKmauasl. bym sxymeicta JKKM
KarapnaperabH, yiaricinae K)KKO oatinansictsr KTA epekmemikrepi KopceTiire .

MexaammaepAin KokeTTi KyriH tady ymid JKKM OybIHIapbIHBIH KYHiHIH OaCTamKbl TAOBLTY 9ICI sKacalFaH.

Kinr co3mep: KHHCMATHKA, KOFAPFHI KJIACTH MCXAHU3M; KYH, Tipey.
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(ATMaTHHCKHI TEXHOJOTHUCCKHUH YHUBEPCHTET, T. ATIMAaTHI)

KMHEMATHUKA MEXAHW3MOB BbICOKHX KJIACCOB
METOAOM YCJIOBHOM 3AMEHBI CTOMKI

AHamm3 padoT MO KHHEMATHKE MECXAaHM3MOB BRICOKHX KaaccoB (MBK) mokaseBact, uTo pa3paboTaHbl pa3amd-
HBIC TPAUICCKAC W YHCIICHHBIC MCTOANKA KHHCMATHICCKOTO AHATIN3A MX MOJI0KCHHH. HO aHATHTHYCCKHX METOIOB
KuHeMaTmdeckoro aHammsa MBK 1mo cux mop He cymecTsoBaio. ABTOpPOM pa3paboTaH OPHTHHANBHBI ITOIXO.
KHHEMATHICCKOTO aHamm3a moyokeHnit MBK. OH aHATHUTHYCCKH PEIIACT 3Ty 3amady i HekoTopeix MBK, a mua
OCTAJNBHBIX CBOAWT 3Ty 3amady K Oosiee mpocThiM pemeHusM. OH HAa3BaH aBTOPOM METOJOM YCIOBHOHM 3aMEHBI
crotikn (Y3C). CyTb ero 3aKI0vacTCs B CICAYIOIICM:

- B KQUCCTBC yCJ'IOBHOI\/'I CTOMKH MCXaHH3Ma BI>I6I/IpaeTC}I OAHO M3 3BCHHBCB NMOABHKHOIO 3aMKHYTOTO H3MCHSIC-
MOTO KOHTYPa, BXoaaiero B coctas MBK;

- ABIDKCHHE MEXAHMU3MA PACCMATPUBACTCS yKe OTHOCHTEIBHO 3TOH BRIOPAHHON CTOHKH,

- B KQUECTBE M3MEHIEMOT0 IapaMeTpa Oepercst yroJ, 00pa30BaHHbIA YCIOBHO BHIOPAHHON CTOMKOM M CMEKHBIM
C HEH 3BCHOM IOJBI)KHOTO 3aMKHYTOTO H3MEHIEMOTO KOHTY DA,

- MEXaHM3M, TAaKUM 00pa30M, B OTHOCHTEIFHOM JBIKCHHH ITPeoOpasyeTcs B 00Iee IPOCTYIO CTPYKTYPY;

- JUTS TIOJIYYCHHOTO MEXaHM3Ma 00Jiee IMPOCTOH CTPYKTYPBI MPOBOAMTCS AHATH3 MO0 KCHUH,
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- U HAKOHell, 0OpaICHUEM ABHKCHHS YCIOBHON CTOMKH OTHOCHTEIFHO CTOWKH aOCOIFOTHOTO JBHIKCHUS, HAH-
JICHHBIC OTHOCHTCTHHBIC TIOJIOKCHHS MCXaHI3MA, IPUBOIATCS B HCTHHHOC TOJIOKCHHC.

B paboTte moka3aHBI aITOPHUTMBL AT OMPEACICHUA «HAYATbHBIX» monoxennit MBK Y3C. Ha pucyHkax moka-
3aspl MBK ¢ pasmiaasivu rpynmamu Accypa. [1o xoay H3TOKCHHA CTATHH MPOBOANTCSA CPABHUTCIHHAS AHAIOTHS
Y3C ¢ Hanboce MPUMCHACMBIM CEHYAC MCTOAOM YCIOBHBIX 0000meHHRIX kKoopanHat (MYOK). MYOK mpeacras-
JSCT MO CYTH YHCJICHHBIH BAPHAHT MCTOJA «BCTABKH 3BCHA». [103TOMY OH, 00712145 BCCMH JOCTOMHCTBAMH METOA
«BCTAaBKH 3BCHA», CBOOOJCH B TO K¢ BPEMS OT HCAOCTATKOB Trpadruccknx MetomoB. MYOK OTHOCHTCS K YHCIICH-
HBIM MeTogaM. C TOUKH 3pCHHSA BRMHUCIATCIHHON MareMaruku MYOK 3akarouacTcs B TOM, ITO BMECTO CHCTCMBI
TPHUTOHOMCTPHUCCKIX YPABHCHHH CO MHOTHMH HCH3BCCTHBIMH KAK B MCTOJC 3AMKHYTHIX BEKTOPHBIX KOHTYPOB,
3IeCh HCOOXOUMO PEMIATh OJHO HETHHCHHOC TPHTOHOMCTPHUCCKOC VPABHCHHEC ¢ OHHM HCH3BCCTHBIM. [10CKOIBKY
SHAYCHHSA WCKOMOW BCIIMYHWHBI MPHHAMICKAT, KAK MPABHIO, OTPAHHUYCHHOMY OTPE3KY, TO HCTPYIHO IOCTPOHTH
3((CKTHBHBIN YHUCICHHBIN aJTOPUTM PCIICHHA YKA3AHHOTO YPABHCHHA, OCHOBAHHOTO HA MPOCMOTPS YIOMSIHYTOTO
OTpE3Ka ¢ OMPSACIICHHBIM maroM. B padore mokazano mpemMymmectso Y3C mo cpasHeHHIO ¢ MYOK Ha mpumepe
paza MBK.

Takum 006pazoM, aBTOPOM pa3padoTaHA METO HAXOXKICHHA «HAYAJIBHBIXY TOJIOKCHUH 3BCHBeB MBK, xoTOpHIiH
MO3BOJIIET O0JICE MPOCTO HAWTH COOTBETCTBYIOIINE ITOJIOKECHIS 3BEHBEB 3THX MCXaHU3MOB.

KmodeBnie ¢JI0BA; KHHCMATHKA, MCXaHHU3M BBICOKOTO KJIACCA, MOJOKCHHE, CTOWKA.
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