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ABSTRACT
The connection equation of the studied mechanism is expressed in the form
of the following system of nonlinear algebraic equations:[1]
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F,(U,V) € Fi(X1, oo, Xy Xmats o0 Xman) =0, i=1,mn<m (D

In this, U = (x1,x3, ..., %) and V = (Xp41, - Xman) State and control coordinates as appropriate, F;-
and polynomials. The number of equations m, state corresponds to the number of coordinates U, and n is
called the degree of freedom of the mechanism. In general, the degree of freedom of the mechanism is
found by the equation n=k-m [1], where k is the number of unknowns in the system of equations. The
values of each control coordinate V correspond to a finite number of values of U that satisfy the system
(1). U(V) is called a multivalued vector function, i.e x; = x; (X;m41) - Xman)[ 2-3]:

Let's assume, xp = (X1, ., Xy Xma1s - Xman) |t point (1) satisfy the system of equations. Let us
observe the position of the state function near this point. For this, we look at the Jacobian matrix of the
m xk-dimensional system (1):

ger (OF1) . _ =
]_(axk),l—l,m,k—l,m+n. (2)

1<i;<iy<..<ip<m+nlet mbe a group of ordered integers, we denote it by 1=(iz,...im ). By M,
we denote the minors of order m of the matrix (2), that is, it is obtained from the selection of columns
with indices is,...im.

Let's consider the following situation [1]:

1) Ifv I, M;(x2) # 0ifitis fulfilled, then we call the point x; (1) a simple point of the system;
2) 31", My(x)) =0,Mq(xp) # 0 is fulfilled, then the point x} is (1)

3) we call it a special point of the first type of the system of equations.

4) 1f v 1, M;(x?) = 0 is fulfilled, then we call the point x? a special point of the second type of the
system of equations (1).

The solution of the system (1) around a simple point can be described in the form of absolutely
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converging series based on the Cauchy theorem about non-expandable functions:
X=X = @i(Xmej — Xmyy), i=Lmj=Tn (3)

In this, ¢;-graded rows. Accordingly, the state of the mechanism is simple at this point. The first and
second type correspond to the special cases of the mechanism around the special points. Around a special
point, the state function U(V) ceases to be a one-valued analytic function of control coordinates V. The
solution of the system (1) around the second type of special point (dead state) cannot be expressed in the
form (3), because in this case the conditions of the theorem about non-revealing functions are not
fulfilled, but using the method of Newton's polynomials, parametric solutions of the following form can
be obtained can be obtained [2-3]:

(o]
xi=x?+Zbiijif,i=1,m (4
=1

It follows from the above that (1) To analyze the system solutions, it is necessary to find all the special
points and show all the cases where the second type of special points are. Based on the analysis of the
peculiarities of the connection equations of the studied mechanisms, the algorithm for calculating the
following peculiarities was developed (see [1]):

1. Write the connection equations of the mechanism in algebraic form;
F(U,V)=0,i=12,..,m.
2. Compilation of the Jacobian matrix of the system of connection equations;

def aFl _1 —1 +
J= ox; ) LT T S E TR

3. ] select all m-order M, minors of the Jacobian matrix;
4. Calculation of selected minors;

5. It is necessary to divide the calculated minors into multipliers and determine the state of the mechanism
in which the condition M=0 is fulfilled for at least one index group I';

6. Finding the conditions for the simultaneous zeroing of all m-order minors of the Jacobi matrix;
7. ldentify the states of the mechanism where the condition M=0 is fulfilled for all I = (iy, ..., ;).

The first 5 steps are enough to find the first type of features, the last two steps, i.e. 6 and 7, are very
difficult to determine.

EXAMPLE. Let us consider the asymptotic solution of the rectangular hydrocylindrical mechanism
around a special point. Here, points A, O, B, C have the following coordinates: 0(0,0),
A(xq,y1),B(x3,v,),C(a,0) and AB = d positive magnitude, L,, L, positive variable quantity.

Y

0(0,0) ‘ 1-chizma ‘3(6,0} ”
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The connection equations of the state functions of the considered mechanism have the following form:
a4y =1
fol(xy—x)%*+ (2 —y1)* =dj
fs & (a—x)* +y3 = I3

The system (1) consists of 3 equations and 6 unknowns, from which it can be seen that it has n=3 degrees

of freedom, that is, it consists of a mechanism with 3 degrees of freedom. The 3x6 Jacobian matrix of
system (1) looks like this will be

()

X1 V1 0 0 0 —L,
]=2<x2—x1 Yi—Y2 X—% Y,—y1 O 0>
O 0 xz —aQa yz 0 - L2
The 3rd order minors of the matrix are as follows:
X1 Y1 0 X1 V1 0
My =8 xX2—=X1 Y1 —Y2 X2—Xq M, =8|X—X1 Y1—Y2 Y2—)1
0 0 X, —a 0 0 V2
xl yl O xl 0 _Ll
M3:8 Xp — X1 Y1~ Y2 0 M4:8x2_x1 Y2—W1 0 |
0 0 0 0 0 —L,
X1 0 0 X1 0 0
Ms=8|X2—X1 Xp—X1 Y1~ Y2 Mg=8x;—x; x;—x 0
0 X, —a Vo 0 x,—a 0
X1 O _Ll xl 0 0
M7:8 Xy — X1 X2 —Xq 0 M8:8x2_x1 Y2—M1 0
0 X, —a —L, 0 Y2 0
xl 0 _Ll x1 O _L1
M9:8x2_‘x1 Y2—M1 0 M10:8 Xy — X1 0 0
0 V2 —L, 0 0 -L,
Y1 0 0 Y1 0 0
My, =8|Y1—Y2 X2—%X1 Y2—M1 M =8[y1—y2 x2—x; 0
O xz —a yz O XZ —a O
yl O _Ll Y1 O O
Mz =8(y1 —Y2 X2 — X 0 My, =8[y1—y2, Y2—¥1 O
0 X, —a —L, 0 x,—a 0
Y1 0 —L; 0 0 0
M;s=8[y;—y, 0 O ‘ Mg =8x;—x1 y,—y1 O
0 0 -L, X, —a Vo 0
0 0 _L1 Y1 0 _Ll
My; =8x2—%1 y2—¥y1 O Mig=8ly2—¥y1 X2—x1 0
X, —a Vo -L, 0 x,—a —L,
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M; =8(x; —a)(x1¥; —x2¥1); M, =8y,(x1¥2 — x2)1);

M3 = 8L; (X1 — x1¥2)

M, = 8x;y;(x; — x1):

Mg = 8(x; — x;)(La(a —x3) — x1L);

Mg =8(x1L,(y1 —y2) + x,95L1 — Liyax,x1);
M; =8y, (y,(a —x;) — y,1(xz —a)):
Mg = 8(y,(Ly(xy — x3) — Li(x; — a))—Lyy,(x, — a));

My = 8Ly (y,(x; — a) + y;(a — x,));

Mg = 8(y1(La(x1 — x2) + Li(x; — @) — L1y, (X, — a));

My, =M, =M3=M,=Msg=Mg=M,;=Mg=Mq=M;; =0

0
Xy — Xy
X, —a

M,;=8

0 0 -1,
Myy=8ly2—y1 0 O
Y2 0 —L,

Theorem. The mechanism defined by the system of coupling equations (5) does not achieve the second

type of specificity.

Proof. According to the condition, the condition M; = 0 (i = 1,20) must be fulfilled for V i for the
mechanism to achieve the second type of specificity (Figure 3). But this situation does not happen,
because according to the definition, Ly L,, a>0 Theorem is proved.
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Figure-3
o _ ,.0. 0 _ Q. 0o _ .,0 _ . — .0 0.
Liy=xi; Ly=a—x;); yy =y, =0; d=x)—x;;

My =M; =Mz =My=Ms=Mg=M; =Mg=Mg= Mjy=M; =M;
=Mz = Mg = Mg = Mg = Myg = My7 = Mg = Myg = My =0

(x1,31)
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Figure-4
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Figure-5
Xy =x3 M;=0
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/fA (x1.31)

L lB (x2:32)

L X
0 (0,0) Figure-b AC (a,0)

X = X2 = a3

Mg=M;=My; =Mz =Mj;=M;3=10

Y
B {xzf}rz) H'n_h.

~ L,
Axy, 1) \
L'l .HHH'H.‘H
00,0 A\ Figure-7 Aci=0
Iz = xz =

Now, using the method of Newton's polynomials, we look for parametric solutions of system (1) in a

small neighborhood of the special point P°. In this case, let's take the following coordinate change in the
system P°(x?, x3,0,0, L9 LY)(Figure 3.)

(x, =x? + 2,
X, = X9 + 2,
Y1 = Z3
¥ 6
Y2 = 24 (6)
Ll :Lg+25
L\LQZL{;‘I‘ZE

0 _ 0. j0 _ 0. .0 _.0_(. _ .0 0.
Li=x;; Ly=a—-x;; y1=y,=0; d=x; —x7;

Here z; (i = 1,6) is a small deviation from the special point

PO, Putting these values in system (1), we
create the following system:

]?1 2 () +2)% + 25 = (%1 + 25)?
fol () + 20 —x9 —2,)% + (23 — 2)? = (%2 — x1)? (7)
fo2 (X942, —a)? 42,2 = (a—x, + 25)?
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Performing the appropriate calculations and taking into account the conditions of the system (1), we
arrive at the following system:

22+ 2x0(zy +25) —zE+ 22 =0

2(x) —x0)(zy —z1) + 22 — 22423 + 22 =0
2z,(x) —a) — 2zgla—x) +zi +z2—2z2 =0
Using the method of Newton's polynomials, we obtain the following abbreviated system for system (7).
2x%(z; +z5) +2z2 =0
2(x3 = x7) (22 — 21) + 22423 = 0
22,(x) —a) — 2zg(a—x) +2z2=0

By removing this system:

z5 7 = (x5 —x9)(22—21) . Zi

3 . .
—0 Zy = —Z
2x3’ 3 Zy ’ 27 2(a-x9) O

2
Z1=Z5+

Putting the found values of z; (i = 1.6) into system (6) we get the asymptotic solution for system (5):

([ x, = 2x§’(x§’+025)—z§ +.
2xq
_ (a=x9)(x-z¢)+2§
Y2 = T e T
{ oy = 2@z | (8)
Zy
J’Z = Z4 -|- eee
Ly =20+ 25 + -

(L= 4z +

From the solutions (8) found for the system (5) it can be seen (diagram 3) that the mechanism can move
in different directions from such a special state, and by knowing them, it is possible to eliminate the
special states of the mechanism in the necessary cases, that is, the mechanism it will be possible to ensure
that it does not fall into special cases by changing its parameters.
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