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Introduction

Algorithm of optimal synthesis of strongly non-linear (impact) systems includes five
tasks of formal order to invent a principally new adaptive dynamical system [1]. They
are:

Preliminary analysis of main goal given to scientist to solve the problem.
Optimization of main fundamental system. Analysis of ideal control actions.
Synthesis a new structural schemes. Calculation of optimal parameters [2].

1. Preliminary analysis of main goal given to scientist to solve the problem

Preliminary analysis includes following 5 steps:
1. Analysis of technological processes.

2. Choice of base system.

3. Choice of control actions.

4. Clarification of criteria of optimization.

5. Choice of limits.



Example of material crush processes by hammer is shown in Fig. 1. The main goal is
to pulp the material by impact interaction with hard solid body in very short time.

2. Optimization of main fundamental system

After the first task is given, the next task of optimization can be formulated in such
way (Fig. 3.1.).
To find from all allowable (force u or impulse S) control actions (1),

ucuy, S;c8, (D

which moves the base system (2)

| S, 2)
x=f(t,x,u)+—06(t—t;)
m
from initial position x, to defined end position x,, and ensures minimal
(or maximal) value of criteria of optimization
f
if additional limits on phase co-ordinates and control impulses exist (4):
“
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Figure. 1. Base system for powder material crush
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where v,;A,- limits of velocity and displacement; z,;7,- maximal number of

impulses and minimal time between them.

For solution of this task of optimization, various methods of optimal control theory
can be used, for example:

- the maximum principle of Portraying;

- the classical method of variation calculus;

- method of moments;

- dynamic programming;

- mixed method (usually initially the optimization phase, followed by variation of
parameters).

Thus in the second task of algorithm we get the ideal (optimal) control law or ideal
(optimal) control trajectory in time domain or phase plane.

The next task is to get new shapes of real control action. They can be near to optimal
control and must be stable, for example, like adaptive control actions, as shown
below.

3. Analysis of ideal control actions

In the second task the obtained optimal control law can’t be always realized in real
systems. Therefore usually it is determined as ideal (non-real). This ideal control law
may be useful for two purposes:

1. For evaluation of existing systems with respect to ideal law.

2. For synthesis of principally new structural systems with a control law close to ideal
control law. This task is a foundation for new system synthesis. Here scientific
approach must be open and very interesting new structures may be invented, for
example, structures with adaptive control law.

3.1. Example of existing system evaluation

Let us examine the optimal control law in a very simple case when one degree of
freedom system is without spring (5):

mi = P(1). 5)

The optimal force P(t) for maximal amplitude has constant level and changes the sign
in the middle point of motion: u ==u,; x=0 (Fig. 2.). Mathematically it may be
described as (6):

21 ©
— T
T 0

sin
mx = P,

sin| — 7
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A . . .
Here 7, = 8% , where To - time of optimal motion found from (5.). If we suppose

0

that a user decides to approximate the obtained control law by harmonic function (Fig.
2.):

P(t) = PO-sin

), or

t
(TO-C

. . t
mx = P,.sin T 7
: [TO_C ] )

where C - constant.

Because the limits of Po and displacement 2A are fixed, the constant C of efficiency
must be found by integration of equation (7):

47mA
TO * C = G .
P, +Po
<
Therefore from T, = 8mA and last t
P, TO -
equation we have: 0 T0/2 T0.C
T
C:w/_ C=1.2533
2% ' -Po

The efficiency is about 25 %.

Figure 2. Approximation real
control by harmonic function

4. Synthesis of a new structural schemes

For solving this task we can use:

- full information about optimal control law; - results of analysis of ideal control law;
- principles of acting of similar structural schemes; - possible number of additional
bodies; - possible kinds of constraints; - methods of forming of internal and external
interaction in electro - mechanical systems, etc. New structural schemes can be found
in the medium of three kinds of strongly non-linear (impact) systems. They are:

1. Systems with external or internal excitation as a time function.

2. Systems with external or internal excitation as a function of phase co-ordinates
only.

3. Systems with mixed excitations (parts of excitation are functions of time and other
parts are functions of phase co-ordinates).

Between those last two systems (2. and 3.) the adaptive control (self-controlling)
systems may be set. They ensure a stable motion of strongly non-linear (impact)
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systems (if in working regime some parameters of a system and excitations have
disturbances).
4.1. Example of synthesis of vibration system with time excitation

From optimal control law Fig. 2. we can synthesize a vibration system with amplitude
A in a following form (8):

2-T0 ®)

were m - mass, ¢ — stiffness of spring; b — damping coefficient, 70 — period of motion,
¢t — time.

In this case without damping (b = 0) the system must be starting with special initial
conditions (0; VO0), to have the optimal motion. (Fig. 3.).

2 I I 2 I I I
1 — 1= —
Vn 0 — Vn or _
- | | . | | |
0 2 4 6 -02 0.1 0 0.1 0.2
n-s X

n
Figure 3. Motion in time domain and phase plane when b =0

If the initial conditions change (-0,01; V0-0,8), the motion is unstable (Fig. 4.).
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Figure 4. Unstable motion (b = 0)
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For motion stabilization damping b # 0 must be used (Fig. 5.).
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Figure 5. Motion with damping

Despite damping, the motion is not so good because transition motion is very long (in

this example about 10 seconds) and trajectories in phase plane are crossed many
times.

4.2. Example of synthesis of a vibration system with excitation as function of
phase coordinates

Results of modeling of such adaptive system are shown in Fig. 6. - Fig. 8. The system
is controlled by variation in both phase co-ordinates: displacement (x) and velocity
(v). The main conclusion based on obtained results is that system is very stable and
transient motion ends fast enough.
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Figure 6. Excitation as a function of phase co-ordinates (x,; v,) only
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Figure 7. Initial conditions are inside limit cycle
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Figure 8. Initial conditions are out of limit cycle. Motion is very stable

5. Calculation of optimal parameters

If the synthesis of a system satisfies completely all conditions of optimal control law
this task is complete. For other cases the theory and methods of optimal parameters
calculation can be used [1, 2].

References

1. Lavendelis, E. Synthesis of optimal vibro machines - Zinatne, Riga, 1970. — 252 p.
(in Russian).

2. Viba, J. Optimisation and synthesis of vibro impact systems - Zinatne, Riga, 1988.
— 253 p. (in Russian).

Viba J., Lavendelis E. Stipri nelinearu (impulsu) sistemu optimalas sintezes metode

Paradits, ka (lai izgudrotu principiali jaunas adaptivas dinamiskas sistémas) stipri nelinearu
(triecienu) sistemu optimalas sintézes algoritmu var iedalit Sados piecos formalos etapos: - pétniekam
dotd pirmatneja uzdevuma analize; - galvends fundamentalds sistémas optimizdacija; - idealas vadibas
iedarbibas analize; - jaunu strukturalu shému sintéze; - optimalo parametru atrasana. Otraja etapa
iegiito vadibas likumu var izlietot diviem mérkiem: - eksistéjoso sistemu novértésanai attieciba pret
idealo likumu, - principiali jaunu strukturalu sistému sintézei attiecibd pret tuvindjumu idedalajam
likumam. Sis etaps ir baze jauniem izgudrojumiem. Te zindtniska pieeja dod iespéju izgudrot
principiali jaunas masinas un mehanismus. Jaundas strukturalds shémas jameklé tris stipri nelinedru
(triecienu) sistemu vadibas principos: - sistemas ar vadibas laika ierosmi; - sistémas ar fazu
koordinatu ierosmes vadibu, - jauktas sistemas.

Viba J., Lavendelis E. Methods of optimal synthesis of strongly non-linear (impact) systems

Is shown that algorithm of optimal synthesis of strongly non-linear (impact) systems may be dividing
into five tasks of formal order to invent a principally new adaptive dynamical system. They are: -
preliminary analysis of main goal given to scientist to solve the problem; - optimization of main
fundamental system; - analysis of ideal control actions; - synthesis a new structural schemes; -
calculation of optimal parameters. In the second task the obtained optimal control law may be useful
for two purposes: - for evaluation of existing systems with respect to ideal law, - for synthesis of
principally new structural systems with a control law close to ideal control law. This task is a
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foundation for new system synthesis. New structural schemes can be found in the medium of three kinds
of strongly non-linear (impact) systems. They are: - systems with external or internal excitation as a
time function, - systems with external or internal excitation as a function of phase co-ordinates only, -
systems with mixed excitations.

Buéba A., Jlagenoenuc 3. Memoo onmumanbnozo cunme3a CUiIbHO HEAUHEUHLIX (UMNYIbCHBIX)
cucmem

Toxkazano, umo 0ns u306pemenuss NPUHYUNUATLHO — HOBbIX AOANMUGHBIX OUHAMUYECKUX CUCTEM
aneoOpumm  ONMUMAILHO20 CUHME3Ad CUTbHO HEIUHEUHbIX (UMNYIbCHBIX) cucmem modcem Oblimb
pazoenéu Ha nsamv camocmosmensHulx smanog. OHu ciedyiowue: - RpedgapumenbHblil AHaIU3 3a0adu,
Komopas 0aémcs  ucciedogamento Ol peulenus Nnpooaemvl, -  ONMUMU3AYUS — 2AAGHOU
DyHOAMEHMANLHOU CUCMEMbl; - AHAIU3 UOEANbHO20 YRpagisoue2o 6o3oeticmeus; - Cunmes HOGOU
CMPYKMYPHOU cXeMbl;, - Onpedeienue ONmuUMAIbHbIX napamempos. Ha emopom smane naiioenmvlil
ONMUMANILHBLI 3AKOH YAPAGNEHUs. MOdcem Oblmb UCHOAb308aH 01 08X Yeaeu: - 015 OYEeHKU
CYWeCmBYIoWUX CUCEM N0 OMHOUWEHUIO K UOeAIbHOMY 3aKOHY, - Ol CUHME3d NPUHYUNUATLHO
HOBLIX CIMPYKMYPHBIX CUCIEM C YRPAGTAIOUWUM 8030€UCmEUeM, OIUSKUM K UOEANTbHOMY 3aKOHY. Dmom
IMAan CAyHCUM OCHOBOU OISl CUHME3Ad HOBbIX CmMpyKmypuwix cucmem. Hoevie cmpykmypmuvle cxemol
00ICHbL OblMb  ONpedeieHbl 8 HUCie MPEX U008 CUNbHO HEeIUHEUHLIX (UMNYIbCHBIX) CUCmeM: -
cucmemsl ¢ 8030YACOEHUEM NO BPEMEHU, - CUCTEMbl C 8030YAHCOeHUEM NO PA308bIM KOOPOUHAMAM, -
CcMeulanHble Cucmembl.
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