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Abstract
An iterative algorithm of the static-geometric method of forming a broken line with equal
angles of adjacent links and pairwise equal links is considered.
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Introduction

Here is the English translation of your text:

The geometric method of controlling the initial polyline's control system (CS) is, first of all,
characterized by a significant dependence of the number of iterations on the number of nodes in
the polyline (and, consequently, by multiple step-by-step iterations, which slow down the solving
process). Secondly, there are a number of constraints imposed to ensure the convergence of the
process.

The use of a static-geometric approach to solving this problem allows overcoming these
shortcomings. In this case, the solution also has an iterative nature; however, the control of angles
is not carried out sequentially from one node to another but simultaneously for all nodes of the
polyline (by solving a system of linear equations).

In the static-geometric method, the solution to the above-mentioned problems is carried out by
moving the original nodes under the action of certain conditional forces. In this case, the forces
defined for each node are substituted into a system of linear equilibrium equations of the form:

Y —ug) + X P+ Q — kT =0, 1)
where T — is a static interpretation of the requirement imposed on the system.
The projection of the vector T onto the coordinate axes is determined by the formula:
lef,-iH = 2u; - uit,1 Uiy (2)
where u — a generalized designation of coordinates;
i — Node numbers;
k — proportionality coefficient;
t — ordinal step of the iterative refinement process.
Let us consider the solution of some of the problems given above in a static-geometric way. Let
us assume that it is required to ensure the equality of the values of the angles of adjacent links
(AAR) to a given value with simultaneous equalization of the lengths of the links (Fig. 1).




[N
0o

4
-
Q
&
Q.

O
Q
>
)

-

©
-
g
(Vp
&
-
®

Y
Q

nd
-
®

=
O
>
@
-
-

Y
®
O
-
(-
-
®

-
&
-
-

d=
.
()
o

(7))

To apply this method, it is necessary to consider the equilibrium of a separate node of a
broken line.

Let it be necessary to ensure for a broken line ABCDE the equality of the angles of adjacent
links according to the required graph of values, with the simultaneous equalization of the
lengths of the links converging at the nodes.

In this case, the node is in equilibrium (Fig. 2.5) under the action of the following forces:

1. Efforts in connections
Pyp = k(uy —up); Peg =k(uc—ug); (3)
In the desired position, the node must also be in equilibrium. The forces acting on the node:

2. Balancing their efforts kP
kP = (2up —uc—wua) (4)
In the desired position, the node must also be in equilibrium. The forces acting on the
node:
1. In connections
Pig = k(ug —up); Pgp = k(uc —ug). (5)
2. Holding the knot in a new position when the angle between the bonds is ag and ABo

= BoC
kTxp ={(Va — Yc)(XaVe — XcVa)

+ (x4 — xc ) [xp(X¢ = %4) + Y5 (Ve — ya)| + x5} {IAC

1
2

+ [(1+ tg?ap)lic] }(tgaBlBH)_l
KTy = (2 = %) Gkeva = 5a70) + O = Yoo (ke = xa) + ¥50ve = ¥l + y5} {lac

1
+[(1+ thaB)lﬁC]i} (tgaplpy)™" (6)
where kKT, g , kT, g - are the projections of the force kT applied at node B, respectively,
on the X, y axes ;

1
Lic = [(xa = x)* + a — yo)?121;
1
lgn = |[(xg — xx)* + (v5 — yu)?12|;

the coordinates of the node H are determined from the relations (6):

xy = [(xc = x2)?xp + e — ya)?xa + (¢ — x) e — Ya) 0V — Ya) 1(lac) 2

v = [(xc = x4)%ya + e — y)?ye + (¢ — x0) e — ya) (g — x4) 1(lae). 72 (7)

Equations (6) for an arbitrary node in the indices of the reference system have the

form:

kTag,;'Ll = {(yit—l - J’it+1)(xit—13’it+1 - yl't—lxit+1)

by = DDy = xE) 4 YE O — yE )]+ xE) {szil

1
L+ tgzansz:l)zF} (tgaol™)
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t+1 __ t t t t t t
kTy,i ={(xi21 — x4 0) (Xi1Yicg — YVigaXio1)

ti+1
li—l

+ ()’it—l - Yit+1)[xit(xit+1 - xit—1) + Yit(J’it+1 - yit—1)J + th}{

+[(1+ tgzao)(lffjl)z]f} (tgaol™) ™5 (8)

Based on these dependencies, an iterative algorithm of the static-geometric
method of forming a broken line with equal angles of adjacent links (EAAL) and
pairwise equal links is constructed:

V.,

Fig. 1. Equality of angles of adjacent links
1. The parameters of the nodes of the first approximation broken line are determined.
2. The projections of the conditional forces kT for each of the unfixed nodes are determined
using the coordinates of the nodes of the first iteration broken line.
3. The values of kKT are supplied to equations of the form (1), which are composed for the
coordinates x and y.
4. The systems of equations (1) are solved together, as a result of which the coordinates of
the nodes of the new approximation are determined.
5. Similar to how this was done in the geometric method, the quality of the solution is
assessed by comparing it with the specified values di and S;.. If the check is positive, the
iteration process is terminated. If not, it continues. The data of the last solution are accepted
as new initial data and the process is repeated, starting from point 2.
CxeMma JAaHHOT'O aJITOpUTMa IMOKa3aHa Ha pUCYHKE 2.
Pabora AJIropuT™Ma HWJIHOCTPUPYCTCA YUCIICHHBIM IPUMEPOM.
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Fig.2. Scheme of the algorithm for controlling the parameters of a broken line
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