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Annotation

In this paper the exact method of kinematic analysis of the special mechanisms of the high
classes which determines the position and velocity explicitly. The proposed approach allows us
to develop unique software for the design of these mechanisms. Theoretical results are confirmed
by synthesis the transmission mechanism of the IV class with specified geometrical parameters.
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Introduction
Mechanisms of the high classes (MHC) have unique characteristics. They can withstand the
huge power loads, raise large masses, control by many parameters and more. Therefore, ¢

lassification of mechanisms on second and high classes proposed by L.I. Artobolevsky Ref
[1], U.A. Dzholdasbekov Ref [2] requires clarification for the complete solution of the problems
of kinematics, kinetostatics and dynamics.

Mechanisms of general purpose directly include arbitrary mechanisms with the Assur's
group of the high classes. The transmission, directive and transfer mechanisms of the high
classes are mechanisms of special purpose. This classification allows to develop a general theory
of the mechanism of the first groups to identify their functional capacity, and for the second - the
theoretical basis of calculation of the kinematic, force and dynamic parameters and the design of
mechanisms with given certain characteristics.

The research of the kinematics of arbitrary mechanisms of the high classes is reduced to
solving algebraic equations of the sixth and higher degree. Therefore, these equations can not be
solved analytically. Scientists have developed the approximate and numerical methods for
solving equations of kinematics. The proposed approach allows us to solve the problem of the
kinematics of the special mechanisms of the high classes in an explicit analytic form. In the
future, these results can be used in the design of lifting devices, the working bodies of earth-
moving machines, robots with closed contours, the individual devices of aircraft.



Kinematic analysis of mechanisms of the high classes
For kinematic analysis of arbitrary mechanisms of the high classes use the approach Ref [3].

Statement of the problem. Let MHC consists of n mobile units. The numbers of output units
vary from / to 7 —m  and of the input with respect to the from the j =n—m +1 to n. Then vector
equation of independent closed countours MHC fixed coordinate system has the form:

Z[:ZJFZ:TJJFZO:O (1)

where 1, j are indexes, whose values range over the number respectively initial and input units,
belonging to the considered k - th countour, where [, is the vector of the fixed link. The

equation (1) can be rewritten as
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where /; is the absolute value and €; is unit vector of the i-th vector in the corresponding
independent contour.

Then the vector equations of the form (1) for a mechanism with a group of Assyrian group of
the IV class of the second order with rotational pairs and two degrees of freedom are represented
as (Fig. 1)
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where Z -vectors of input links i=12,3,4 Tj, ijvectors of output links  / =5,6.The asterisk

"*" means the membership of the vector to l:* to the i-th basis link.

The equations (1) and (2) can be represented in projections on the axis of the steady

coordinate systems by multiplying them by the corresponding unit vectors i and -

The problem. Find the positions of the output links for the transmission mechanism of the IV
class with the given desired laws of motion of the input links and geometric parameters:

€0i=€0i((05,(0ﬁap), i:1:233,4 (3)

where P = {Zl,11*,12,13,1;,14,15,16,051,063,10,(,00}..



Fig. 1 — Mechanism of IV class

We will follow to the analytic method of the kinematic analysis of arbitrary MHC developed
[3].
Solution to the problem. Vector equation (2) MHC represented for k£ = 2 in the scalar form (in
projections) as a system of trigonometric equations

[, cosq, +1,cosp, + 1, cosp, + 1, cosp, — I, cosp, —1,cosp, =0
[, sing, +1,sing, +1,sinp, +/;sinp, —I, singp, —[,sinp, =0

“4)
I cos(qo1 —ocl)+ L cos(go3 —a3)+ [,cosp, +1 ,cosps—I cosp, —[,cosp, =0

I sin((p1 —a1)+l3* sin(go3 —(x3)+l4 sing, +[;sing, — [ ;sing, —[,singp, =0

with unknown ¢, ..., ¢ (Fig. 1).

The vector method of eliminating variables reduces the number of unknown variables.

Following the vector approach from the first equation of vector equations (3) we find lz and

from the second / . that is,

L= +0)~ (1, 1)
; } (5)
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Next, using the scalar product, we have

(LY =+ L) +20 + L) I = 1)+ (I = [, )’
} (6)

@) =+ +20 + I =T = 1) + (=T = 1,)’

After simple transformations of the system (6) to find the vectors ll and ll*we obtain a

special system of scalar equations of the following form:
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It should be noted that il*is associated with Z: and 73* with Z3 , where [; is module of the

- = - = - =\
vector /; the scalar product of vectors /; are [ -/ and (ll. + Zj) . In the system (7) the angular

coordinates ¢, and ¢, of vectors /, and /, are eliminate.

Thus we have obtained a special system of algebraic equations, in which the number of
equations matches the number of independent closed vector contours.
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2(l3x3 +lxs —lgxg =1, )llxl + 2(13)’3 +1ys —1sye )11J’1 = 122 -1 _132 -

~(lixg +1x, =1, —(lsys =1y ) = 2L, (Isxs —1gxg — 1) = 2L,y (Lys — 1vs)
(8)
Where
X = COS((P1):y1 = Sin((ol)’
X, =X, cosa, +y, sina,,

* .
Y, =x,sina, —y, cosa,,

Xy =cos(@,),y; = sin(@;) >

* .
Xy =X;COS0; + Y, sina,y,,

Y, =X, sina, —y, cosa,.
x, =cos(@,),y, =sin(p,)
x5 = Cos(@s), ys = sin(@; )

X = €0s(@), ¢ = sin(ey) -

Sinchev B. has developed various methods of solving systems of nonlinear equations (8). It
is further proposed an accurate method for solving the kinematics of special mechanisms of the
high classes.

An accurate method of kinematic analysis of mechanisms of the high classes
We present the concept of a special mechanism under the classification.

Definition. A mechanism intended for an approximate replay of the given relationship
between the angular or linear displacement of input and output units is called a transmission
mechanism.



This mechanism belongs to mechanisms for special purposes. Thus, the transmission
mechanism shall have certain property and this property is described by the following equation:

é, = f(2,,8,)" ©)

Here f is given vector function, €, is the unit vector of output link 3, €;,€are unit vectors

of output links 5 and 6.

We transform (8) to the following convenient form:

Ax, +By =D
A,x,+B,y, =D (10)
x+yl=1

where
A = 2(lxs + xs = Loxg = 1)L,
B =2(Lys+ys —Lys — 1)l

D, :lz2 —112 —132 - (15x5 —lexe — 1 )2 _(ZSyS —lsys )2 -
= 2l5x; (15x5 —leXe — 10)_ 2Ly, (ZSJ’5 —lsys ),

(x, + 10, —1xg =1, I} cosa, =2y, +1,ys —1,y, I sina, ,
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D, :lj _11*2 _l;2 _(sts —lgxg _lo)2 _(lsys _léys)z B
—213*(15)65 —lgxg _lo)x; _213*(15)’5 —lsys )y;

The system (10) is equivalent to the relation
(A,D, — A2D1)2 + (DB, — DZBI)2 + (DB, — DzBl)Z —(4,B, —4,B,) =0(11)
which is an algebraic equation of sixth degree with respect to X;or y; for the mechanism of
the IV class of general purpose. The equation (11) is solved only by numerical methods.

Therefore, in the case the mechanism of special purposes, ie, the transmission mechanism
should take into account the relation (9). For simplicity, we assume that /; =0. Then, the

mechanism with two degrees of freedom is the one with one degree of freedom.

Without loss of generality, we can assume that (9) has the explicit form:
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First, we substitute into the known coefficients 4,,B,,D,, 4,,B,,D, the angular coordinate

(12), then the function X; and y; will acquire the form:
1 .1
X, = cos(g ®5), ), = s1n(gg05) , (13)

Thus, only the coefficients 4,,B,,D,, 4,,B,,D, only in the explicit form depend on the

generalized angular coordinate @5 and on lengths of links. Then from (10) we find

X = DB, - D, B, _ A,D, — 4,D, ) (14)
l Ale _AZBI T Ale _A2B]

Substituting these values (14) into (4) and taking into account (12), we find the trigonometric

functions x,,¥,,x,,V,.

This is the essence of the method for determining the positions of links special mechanism of
IV class. This precise method of kinematic analysis is easily extended to other mechanisms of
the high classes.

Designing the special mechanism of the high class

The results are verified by the example of the transmission mechanism IV class which it
provides the connection between the angular coordinates of the input and output links in the form
of (12) (Fig. 2).

This special mechanism with rotary pairs has given properties by classification and
connection (12). This transmission mechanism IV class has the following geometric dimensions:
ly=0D=51mm, |, = AB=26mm, I; = AC =19mm, [, = BF =77mm, l; =FD =99mm,
I; =ED=109mm, [, = EC =56mm, l;=04=26mm, I, =0mm, o, =46",a,=8".

Generalized coordinate of input link 5 depends on the time. Then the equation of connection

1
(12) has the form: ¢,(?) = 395 (#) . Other angular coordinates given by formula (14) and the initial

system (4), which is already a linear system. Speed of links are found by differentiating the
angular coordinates, the kinetic and potential energies - by known formulas. Then the dynamic
model of the mechanism is based on an operator Lagrange II rind. Forces of reaction in the joints
of the mechanism are known system.



Fig. 2 — Transmission mechanism of IV class

Conclusion

We note that the above classification and developed an accurate method of kinematic
analysis for the first time allowed to find the positions of links of mechanism of the high classes
in explicit analytic form. This approach can be easily extended to the directive and the transfer
mechanisms of high classes. This approach will develop a universal software for design of
mechanisms of the high classes for devices and machines. Synthesized transmission mechanism
IV class.
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Pe3rome

b. Cunues, I'. Yonues, A.A. ?Komapmos

(MeXaHI/IKa JKOHC MalllIMHATAHY UHCTUTYTHI, AnMaTel K.)

YKOFAPBI KJIACTAP/IbIH APHAIBI TETIKTEPI

KMHEMATHUKACBIHBIH TAJIJIAVYBI

Korappl KimacTapAblH apHalbl TETIKTEPiHIH KUHEMATUKAIBIK TalJaybIHBIH HAKTHI 9Jici
KapacThIPbUIFAaH, aWKbIH TYpHEri JXKargailbl MEH KbULAAMIIBIKTAPbl AHBIKTAIFAH. ¥ ChIHBUIBII
OTBIPFaH TOCUT OCBHI TETIKTEpAl koOamay yimiiH Oiperedl OarmapiaMaiblK KaMTamachl3 €Tyl
a3ipiaeyre MYMKIHIIK Oepeni. TeopusbIK HOTHXKENIEpl TeOMETPHUSIIBIK napamMeTpMeH
Oenrinenred [V KJIacThl aybICTBIPATHIH MEXaHU3M CHHTE3IMEH JIQJIETICHTEH.

KinT ce3nep: kuHEMaTUKAIBIK Tajjaay, KOFaphl KJIacc TETIiri, OarmapiaMaliblK KaMTaMachl3
eTy, [V Kiacc Teriri, reoMeTpHUsIIBIK TapameTp.

Pe3rome

b. Cunues, I'. Yanues, A.A. /[picomapmos

(MHCTUTYT MEXaHUKHU M MAIIMHOBEIEHUS, T. AJIMATHhI)

AHAJIN3 KUHEMATHKU CITELIUAJIBHBIX MEXAHU3MOB

BBICOKHX KJIACCOB

B cratee paccMaTpruBaCTCA TOYHBIN METOA KHHCMATHYCCKOI'O aHajin3a CICIraJIbHbIX
MCXAaHU3MOB BBICOKHUX KJIACCOB, OHNPCACIAIOTCA IIOJOXKCHUA W CKOPOCTH B SABHOM BHC.



HpennaraeMHﬁ noaxoda ITO3BOJIUT pa3p360TaTL YHUKAJIbHOC TPOTpaMMHOC obecrnieueHue JJIsA
IMPOCKTUPOBAHUA O3THUX MCXaHU3MOB. TeOpeTI/I‘-ICCKI/Ie PE3YyabTaTbl MOATBCPKACHBI CHUHTC30M
nepeaaTOYHOIrO MCXaHU3Ma IV xmacca ¢ 3aaHHBIMHU T'COMCTPUUICCKHUMU MTapaMETpaMHu.

KiaoueBble cj10Ba: KMHEMATHYCCKUM aHaJIn3, MCXAaHU3M BBICOKHX KJIACCOB, NPOTPAMHOC
O6€CH€‘H€HI/IG, mexaHusM IV KJ1acca, FGOMeTpI/I‘{eCKI/Iﬁ napameTp.

Hocmynuna 07.01.2013 a.



