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DEFINITION OF POSITIONS AND SPEEDS OF LINKS
OF MECHANISMS OF HIGH CLASSES

Abstract. In this work the analytical method of definition of positions and speeds of any mechanisms of high
classes and an exact method of the kinematic analysis of transmission mechanisms of high classes are for the first
time offered. The offered approach allowed developing the software according to the kinematic analysis of these
mechanisms. The transmission mechanism of IV class is for the first time synthesized.
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1. Introduction. Mechanisms of high classes possess unique opportunitiecs and propertics of
adaptation to external influences due to circulation of power on the closed contours. These mechanisms
can maintain considerable power loadings, lift the mass of big size, operate many parameters, etc. There-
fore the classification of mechanisms on the low and high classes offered by academicians 1. 1. Artobo-
levsky [1], U.A. Dzholdasbekov [2] has very important scientific and practical value. Originally it is
necessary to carry any mechanisms with group of Assur of high classes and special to mechanisms of
general purpose — the transfer, directing and moving mechanisms of high classes. Such classification
allows developing the general theory of mechanisms of the first group for the purpose of detection of their
functionality, and for the second - theoretical bases of calculation of kinematic, power and dynamic
parameters and design of mechanisms with the set certain characteristics.

Further, these results can be used at design of lifting devices, working bodies of digging cars, robots
with the closed contours, separate devices of aircraft, etc.

2. Kinematic analysis of the mechanism of high classes of general purpose. For the kinematic
analysis of any mechanisms of high classes we use approach of work [3].

Statement of tasks. Let the mechanism of high classes consist of # of mobile links. Numbers of output

links change froml,# —m , and entrance from j =n—m+1,n . Then the vector equations for the
mechanism with group of Assur IV class with rotary couples and two degrees of freedom are representable
in the form of (fig. 1).
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where /;, i=1,4, [,

These equations (1) can be presented in projections to axes of motionless system of coordinates

I, cosp, +1,cosp, +1,cosp, +1;,cosp, — I, cosep, —1,cosp, =0

[y sing +1,sine, +1,simne, +I;singp, —I,singp, —[,sing, =0 2)
I’ cos(qo1 -a, )+ I} cos(qo3 —053)+ l,cosp, +1, cosep, —I, cosep, —1,cosgp, =0

I sin(qp1 _0‘1)+ I sin(qp3 —053)+l4 sing, +/;sing, —I . sing, —/,singp, =0
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The task 1 is set. To find provisions of output links of the mechanism with group IV of a class of
Assur at the set laws of the movement of entrance links and dimensional parameters of mechanisms of
high classes:

(01' :§01(§057¢6:P)7 i:1:47 (3)
where P = {ll, ll*,lz,l3, I;,l4, Is,lg,ay,a3,1y, 00§, @s,9; — the generalized angular coordinates,
@, — angular coordinates of output links.

The vector form of record of kinematics equation is widely applied at research of lever mechanisms.
Vector transformations accelerate process of an exception of variables, without passing to other forms of
record of the equations of kinematics, such as system of the trigonometrical equations or system of the
algebraic equations.

Analytical method of definition of positions and speeds of output links mechanism of the high classes.

For vector approach from the first equation of system (3) we define l , and from the second — 14 and
further applying a scalar product, we have
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After simple transformations of this system (4) for finding of vectors l and l we will receive

>

special system of the scalar equations of a look:
oy + s =T =T Jy =55 =17 =13 = (5 =T =1} =25 -1
o + 1T, L =12 -1 13 - (15—16—10)2 20 (s -1, -1,
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Here it should be noted that it ll is connected with Zl , Z 3 and with Z 3 , [; — vector length,
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l., [ -1 and ([l. + [].) are understood as scalar product of vectors. In this system angular coordinates

®,, @, of vectors 72 and Eare excluded.
The last system in a scalar form has an appearance:

Axy + By =Dy
Axx1+Byn=D, 6)
xlz + y12 =1,
where
x, = cos(@,), y, =sin(@,), x; = x, cosa, + y, sina,, ¥, = x, sing, — y, cosq,,
X, =cos(@;),y; =sin(@;,), x: =X,C080, + y,sina;, y: =Xx,slna; —y,COS,,

x, =cos(@,),y, =sin(@,),x; = cos(®;),ys =sin(@;),x, = cos(@,), Vs = sin(g).
A= 2(lx3 + Isxs -lexs - L)1, B1= 2(lys + Isys -leye)ls,

Dl :Zzz _112 _132 _(sts _16x6 _10)2 _(Zsys _Z6y6)2 -

_2Z3x3(15x5 _16x6 —10)—213)/3 (Zsys _16y6)’

4, = 2(l:x3 +lxs—Ilx, —1, )11* cosq, —2(1;)/3 +Lys =Ly, )11* sing

B, =2, +1x, —Lx, 1)l sine, +2(ILy, + 1oy, — Ly, I cose,,

D, _Zz 1*2 1*2 (l xs — X, _lo)2 _(lsys _Zsyé)z -

_213 (lsxs —lexs —1, )x3 _21; (Zsys _16y6)y;'




ISSN 1991-3494 N 5. 2016

N
% P3
I NI
I_*
) L
1_1 1
aq 1—6
_ ) Py
I I
Wg
0 g Iy s
/ ; ; > X
N
Y

v

AN

Originality of approach consists in transition from system (6) after application of universal
substitution to system of quadratic equations:

(Al + Dl)uz - ZBlu + D1 + A1 = 0 (7)
(Az + Dz)uz - ZBzu + Dz - Az = 0

Figure 1 — Any mechanisms with group of Assur IV class

It is originally necessary to define materiality of decisions of nonlinear system (6). For this purpose
we will find discriminants of these equations (7).







