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ALGORITHM AND SOFTWARE FOR CALCULATING
THE STABILITY OF THE FORM OF EQUILIBRIUM

OF DISCRETE SYSTEMS

ABSTRACT. The paper presents an algorithm for
calculating the stability of the form of equilibrium of
the first kind of compressed discrete systems by the
method of displacements in combination with the
methods of iterations and bisection. The use of the
displacement method in combination with the iteration
and bisection methods makes it possible to effectively
determine the minimum critical stress or strain at the
first bifurcation and their corresponding form of loss
of stability, both for statically determined and statically
undetectable systems. This approach, using matrix
forms, makes it possible to significantly simplify the
calculations of the analytical condition for the loss of
stability of compressed discrete systems (the stability
loss equation), which has high orders, as well as to
construct the form of loss of stability corresponding
to a critical load, that is, to solve the problem of loss
of stability of equilibrium. The calculation of the
compressed discrete system on the stability of the
form of equilibrium actually reduces to the solution
of the difficultly described nonlinear transcendental
equation, which is the equation of loss of stability. The
difficulty lies in the absence of an analytical solution
of such an equation due to the presence of complex
functions of Zhukovsky, which have transcendental
functions in their structure. Such solution can be
performed only with the use of numerical methods.
This algorithm for calculating the loss of equilibrium
of the first kind of compressed discrete systems by

displacement in combination with the methods of
iteration and bisection is implemented in the software
complex "Persist" for a PC in Windows OS. The
program was approbated and implemented in the
educational process at the Department of Structural
and Theoretical Mechanics of the Poltava National
Technical Yuri Kondratyuk University during the
training of specialists in engineering specialties.

KEYWORDS: stability, critical state, critical load,
critical stress, loss of stability of the form of equilibrium
(deformation), bifurcation, form of loss of stability,
iteration, bisection.
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AATOPUTM 1 TIIPOTPAMHUU KOMIIAEKC
AAA PO3PAXYHKY CTIHKOCTI ®OPMHU
PIBHOBATH AUCKPETHHX CUCTEM

AHOTANIA. Y craTTi HaBeA€HO AATOPHTM pO3pa-
XYHKY CTIHKOCTI (OpMH pIBHOBArH IEPIIOTO POAY
CTHCHYTUX JUCKPETHHX CHCTEM METOJOM IepeMi-
IIeHb y CYKYIIHOCTI 3 METOAaMHU iHepIiil Ta Gicexuil.
Bukopucranus MeToAy IepeMilieHb y CYKYIHOCTI 3
MeTo/JaMu itepaniil Ta 6iceKkuii Jae MOKAUBICTD ePek-
TUBHO BH3HAYATH MiHIMAAbHE KPUTHYHE HABAHTAKEH-
Hs Y HAIpPY:KEHHS NpH Hepiuiil 6ipypkamii Ta Big-
HOBIAHY iM POPMY BTpATH CTIHKOCTI, SIK AASA CHUCTEM,
IO CTATHYHO BU3HAYAIOTHCA, TAK 1 JAAS CHCTEM, IO
CTATUYHO HE BU3HAYAIOTLCA. TakuHU migxig 3 BHUKO-
PUCTAHHAM MAaTPUYHHUX POPM AAE MOKAUBICTH CYTTE-
BO CIIPOCTUTH PO3PaxXyHKH aHAAITHYHOI YMOBU BTpa-
TH CTIHIKOCTI CTUCHYTHX /JHCKPETHUX CHCTeM (piBHSIH-
Hs BTPATH CTIMKOCTI), KOTpA Ma€ BUCOKI HOPSAKH, A
TaKOK IOOYAyBaTU BIATIOBIAHY KPUTHYHOMY HABaH-
TaKEHHIO POpPMY BTPATH CTIHKOCTI, TOOTO BHPINIUTH
3a/4a4y BTpaTH CTiiikocTi piBHOBaru. PozpaxyHox cruc-
HYTOI JUCKPETHOI CUCTEMH Ha CTIHKICTH pOPMH PIBHO-
Baru GpaKTUYHO 3BOAUTHCA JO PO3B’A3YBAHHA CKAAAHO
OIIMCAHOI'O HEAIHIIHOTO TPAHCIEHAEHTHOTO PIBHAH-
HsA, SIKUM € PIBHAHHA BTpaTu crifikocri. CKAagHICTD
IIOASITAE Y BIACYTHOCTI AHAAITHYHOIO PO3B SA3aHHA
TAKOrO PIBHAHHSA 4Yepe3 HasABHICTb CKAAZHUX (PYHK-
it 2KyKoBCbKOro, fIKi MAIOTh Yy CBOEMY CKAQZl TPaHC-
1eHZeHTHI QyHKil. Takuil po3’sA30K MOXKHA BUKOHA-
TH AHIIE 3 3aCTOCYBAHHSIM YHCEABHUX MeToA1B. Januii
AATOPUTM PO3PaxXyHKy BTpaTH CTIKOCTI piBHOBaru
IIEPIIOrO POAY CTHCHYTUX AUCKPETHUX CHCTEM METO-
JAOM IIEpeMillleHb B CYKYIIHOCTI 3 METOJaMH IHepuiil
Ta 6icekuil peari3oBaHUN y IPOrPAMHOMY KOMILAEKCI
«Persist» gaga ITEOM B OS Windows. ITporpama mpo-
HIIAa anpoObaliiio Ta BIPOBa/JKeHa B HABYAAbBHUN IIPO-
11ec Ha Kadeapi 6yAiBEAbHOI Ta TEOPETHIHOI MEXAHIKN
ITOATAaBCHKOTO HAIIOHAABHOTO TEXHIYHOTO YHIBEpPCH-
tety iMeHi 0pia Kongparioka npu nigrorosui ¢gaxis-
LB IH)KEHEPHUX CIIEIIIAABHOCTEH.

KAIOUYOBI CAOBA: criiikicTh, KpUTUYHHI CTaH,
KPUTUYHE HABAHTAKEHHA, KPUTHUYHE HAIIPYKEHHA,
BTpaTa CTIHKOCTI ¢opMmMu piBHOBaru (gedopmarii),
6ipypramisa, ¢opma BTpaTH CTIMKOCTI, iTepamis,
Oicexkiris.

INTRODUCTION

There are various methods for calculating the
stability of the shape of the equilibrium of discrete
systems, due to the large volume of computations
associated with the solution of the analytical condition
for the loss of equilibrium stability. The solution of
the analytical condition for the loss of stability of the
equilibrium of compressed discrete systems, which
has high orders, and the definition of the critical load
of the form of loss of stability, is one of the topical
problems.

REVIEW OF RECENT SOURCES OF RESEARCH
AND PUBLICATIONS

The solution of the problem of calculating
the analytical condition for loss of stability of the
equilibrium of compressed discrete systems, which
has high orders, and the determination of the
corresponding critical load of the form of loss of
stability, generated a large number of methods by
many mathematicians (Krylov, Laverier, Danilevsky,
Jacobi (iterations) [1 — 10] etc.).

PARTS OF THE COMMON PROBLEMS THAT
EARLIER UNSOLVED

The calculation of the compressed discrete system
on the stability of the form of equilibrium actually
reduces to the solution of the difficultly described
nonlinear transcendental equation, which is the
equation of loss of stability. The difficulty lies in the
absence of analytical solution of such equation due
to the presence of complex functions of Zhukovsky,
which have transcendental functions in their
structure. Such solution can be performed only
with the use of numerical methods. This problem of
calculating the analytical condition for loss of stability
of the equilibrium of compressed discrete systems,
as well as the determination of the critical load of
the form of loss of stability, is proposed to solve by
displacement, iteration and bisection methods, which
makes it possible to significantly simplify calculations.

PURPOSE OF THE WORK

The purpose of the work is to develop an
algorithm and software for the PC in Windows OS,
which will enable students and engineers to automate
calculations of stability of equilibrium forms of
compressed discrete systems.

MAIN MATERIAL AND RESULTS

The algorithm for Calculation of the loss of
stability of the form of equilibrium of the first kind
of compressed discrete systems by the displacement
method in combination with the methods of iterations
and bisection with examples is given in [11]. It is
implemented in the software package "Persist" for a
PC in Windows OS.

In the Department of Structural and Theoretical
Mechanics the «Persist» program was developed and
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implemented on the PC. To solve this engineering
task this computer program is implemented in a
modern compiler, contains several subroutines that
are combined and presented in the form of the same
software complex.

General algorithm for calculating stability by the
program "Persist".

Generalized structural scheme of solving equation
of loss of stability:
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v

Input of parameters
relations to the basic,
eguation of stability loss
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results

Fig. 2. Visual components for managing the
description parameters of the compressed rods

T ~.The main cycle of iterative refinement of the critical value of the basic parameter  corresponding button, Fig. 2. In
. :  this case, it should be noted that
Set the initial | © | Definition of critical | | , Clculation of —— ] ’
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4

Increase the value
of the base parameter
for a given step

Fig. 1. Structural diagram of the algorithm for solving the

equation of loss of stability

The calculation of the compressed frame on the
stability of the form of equilibrium implies forming
a loss-stability equation by yourself. Only after
completing and checking the equation of loss of
stability as a nontrivial solution of a homogeneous
system of canonical equations, a user uses a PC to
solve stability of the equilibrium form according to
the "Persist" program.

The calculation of the compressed discrete
system on the stability of the form of equilibrium
actually reduces to the solution of the difficultly
described nonlinear transcendental equation, which
is the equation of loss of stability. The difficulty
lies in the absence of an analytical solution of such
equation due to the presence of complex functions
of Zhukovsky, which have transcendental functions
in their structure. The arguments of the functions of
Zhukovsky are the values of the parameters of the
compressed rods parameter t.

The main points of describing the source data in
the program «Persist».

1. Description of the compressed rods parameters.

The dialog for describing the parameters of
the compressed rods is activated by pressing the

with zero value of longitudinal
force are not part of the ones
described.

2. Introduction of elements of
equation of loss of stability
of the form of equilibrium.

Determination of the first
real root of the equation of
equilibrium of loss of stability.

3. Criteria setting for iterative

calculation.

As a precision criterion, the
"Persist" program uses the so-
called absolute criterion when the
process of iterative refinement of
the root stops when the absolute value of the desired
root does not exceed the value of the given error,
which is recommended to set in the range 106 ... 10-4.
Fig. 6 shows an activated menu item for adjusting the
criteria for an iterative calculation.

xit from the cycle
and outputting
results

a Solving the equation of stability / Poltava National Technical Yuri Kondratyuk University - We are  the best!
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Fig. 3. Visual components of control description
of stability loss elements equation of the
equilibrium form
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4. Directly solving equation of stability in «Persist».
As noted above, solving the equation of loss of
stability of the form of equilibrium involves the use of
numerical methods. Thus, in the "Persist" is organized
an iterative process of solving a complex nonlinear

[ Master of Zhukovsky functions: |EREG—_G—G—GGEEE—

Parameter t:
Tt 12

v ot 15)

t 26

Fig. 4. Visual components of description control
element 1.1 of stability equation loss of the
equilibrium form

B saving the equation of stabilty / Poktava National Technical Yuri Kondratyuk University -We are  the best

Saving of the described stability equation

Folder: | &l Nocanses mox ) v & @& cr B
Vi =
swsetup
system sav

Temp
Windows

Nonssoearesn

Parameters
of compressed rods

Aara wmenernn
25102013 13:02
1010.201312:26
3007.2015 14:43
30072015 13:40
0311.204 1901

File nam e (JPersist_Datal
File type: Clorweaeme Can) -

Elements of the
determinant of
stability

Criterion for
calculating the root

Graph of the
determinant
of stability

Cancel I

Calculation
results

Dear friends! We wish you good health and eternal love!!!

Fig. 5. Saving of the described stability equation loss
of the equilibrium form
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Parameters
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Elements of the
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stability
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calculating the root Accuracy of root determination:
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Graph of the
determinant
of stability
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Calculation
results
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Fig. 6. Settings of criteria for iterative calculation

equation using the chord method in conjunction
with refinement on its iterations by the method of
bisection. The search for the interval of existence of
the first root is carried out by the method of selection
as for the method of dichotomy. The process of
iterative refinement of the root continues until the
root value reaches the given accuracy.

For a solution already described in the program
"Persist" equation of loss of stability of the form of
equilibrium, the user must use the item in the main
menu "Calculate", Fig. 2.

5. Analysis and verification of calculation results.

As you know, transcendental equations can
have not one root due to the presence of periodic
functions. According to the physical content of the
equation of loss of stability, we are interested in the
first root, which corresponds to the minimum critical
value of the basic parameter of the compressed rod .
On its basis, the critical values of the parameters of
all compressed rods are determined as: , where ki -
coefficient of reduction of compressed rods lengths.

It is necessary to emphasize the prevention of the
passage of the first root when numerically iterative
solving of such equation. To do this, you need to
analyze the results. As a rule, it is enough to visually
assess the type of graph of the dependence of the
determinant of stability of the form of equilibrium
from the value of the basic parameter tOcr (Fig. 7).

Fig. 8 and Fig. 9 shows the results of the solution

Roots found at the 42nd iteration
[

& Complete

Fig. 7. Chart of the dependence of the determinant of
resistance on the value of the basic parameter

View the main results of solving the equation of stabilty
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Fig. 8. View the results of the solution the equation of
stability loss of the form of equilibrium
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Fig. 9. Graphic representation of the solution of the
stability loss equation

the equation of stability loss of the form of equilibrium
in table and graph forms.

The user is able to adjust the accuracy of the
graphical display of the solution of the equation of
stability loss (Fig. 10). A calculator is available for
the user which allows calculate the values of critical
longitudinal forces (Fig. 11).

6. Saving the results and getting a copy of them.

For the possibility of further analysis and processing
of the results of calculations in the "Persist" is provided
the possibility of saving them in a text file. To do this,

*‘0 w

Graph in a new range:

|
R

&

X Cancel I

Fig. 10. Settings of the graphical representation
of the equation of loss solution of stability of the
equilibrium form

The initial value of the argume nt (t0):
The final value of the argument (t0):

Number of points

of critical forces of

Fig. 11. Calculator for calculating critical
longitudinal forces

use the appropriate menu item "Save" in the viewport
of the main results, see Fig. 2. In this case, all actions
of saving file are absolutely similar to those used in
any Windows program (Fig. 12).

A text file with results can be downloaded to any
text editor to prepare for printing in a more user-
friendly format.

7. Main properties of “Persist” software

Requirements for PC system resources. The
program uses the Windows operating system. For
ease of use, we recommend using monitors with a
resolution of 800x600 pixels.

Software package Persist consist of files:

- Persist.exe (mandatory) — main program file;

- Persist.hlp (recommended) -help file for using

“Persist”;

- Persist.ini (optional) — initializing the values
of the search criterion for the root equation of
stability, can be created automatically;

- Persist.txt (optional) —file with a short description
of the program;

- Demo*.dtm (optional) — demo files of the
described equations of stability, which can be
downloaded for calculation and analysis.

Copyrights. The program can be freely distributed,
and authors are not liable for any losses incurred as a
result of using this program (data loss, financial loss,
etc.).

Due to the constant improvement of the program,
authors recommend that you follow the release
number in the About menu.

Installing software package «Persist» on PC. For
correct operation of the program "Persist" you should
install it on the hard disk of the PC. It is not desirable
to launch the program directly from the CD. This is
due to the need in certain cases saving data on hard
disk. To install the "Persist" program on a PC, you
need to copy the "Persist" subdirectory to the PC hard
disk.

Conclusions. The algorithm and program complex
"Persist" for the PC in Windows OS are developed.
This computer program is implemented in a modern

-~ BckE-

fata nameHeHna Ti
19.04.2012 14:49 Ri

. Save file as RTF format;

Folder: I |, For_students_7_semestr
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|
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i File name: [EEEWacemn
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3
Save |

Cancel
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Fig. 12. Saving the results of solving the equation of
stability loss in a text file
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compiler, contains several subroutines (utilities),
which are combined and presented in the form of the
same software complex. It will enable students and
engineers to automate calculations of the stability of
the equilibrium form of compressed discrete systems,
calculate critical loads (stresses) and determining the
corresponding principal forms of oscillations. The
program has been approbated and implemented
in the educational process at the Poltava National
Technical Yuri Kondratyuk University during the
training of specialists in engineering specialties.
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