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Summary

This article presents results analysis of the structural degradation of technical materials samples. The results
have been determined by the analysis of the distribution under dynamic load (a discrete model of structure
dynamic load). The aim of this research is to describe the process of structural degradation of the basic technical
materials. The structural changes of the constructional material samples subjected to impulsive loads have been
measured. Information about the technical condition of the individual material samples have been obtained on
the basis of the energy characteristics of power spectral density under degrading dynamic load. The results were
presented in the form of power amplitude estimation of the dynamic stiffness forces and damping forces,
changing with the ongoing samples degradation process.
Research conducted at the work station by the method of impulsive test helped to determine the initial load
causing the damage in the material structure. Further analysis of the material structural changes allowed
determining the limits of load, which will initiate the process of structural degradation (in. ex. cracking).
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Streszczenie

MODY ENERGETYCZNE W OPISIE DEGRADACJI STRUKTURALNE]J
MATERIALOW KONSTRUKCYJNYCH

W artykule przedstawiono ide¢ badania wytgzenia materiatdw konstrukcyjnych energetyczng metoda

wyznaczania widmowych charakterystyk, opisujacych zmiany strukturalne obicktow mechanicznych. Wytezenie
materiatu definiowane jest jako ogot zmian charakterystyk strukturalnych wystepujacych w materiale w wyniku
poddania go zewngtrznym obcigzeniom mechanicznym. Wyznaczono miary tych zmian przy zmiennych
obciazeniach dynamicznych.
Synergizm réznych proceséw (np. rodzaj i amplituda obciazen, przestrzenna i czasowa charakterystyka tych
obcigzen, procesy korozji i starzenia, wlasnosci wytrzymatosciowe materiatdéw, itp.) stanowi o zmianach
strukturalnych obiektu mechanicznego. Charakterystyki zmian parametrow strukturalnych materialow
wyznaczano poprzez moce sit tlhumienia(tarcie wewnetrzne) i moce sit bezwladnosci i sit sztywnosci
dynamicznej, oraz wyznaczanej na tej podstawie pracy sit powodujacych degradacje probek materiatow.
Gestosci widmowe mocy obcigzen degradacji strukturalnej materialow konstrukcyjnych(cze$é rzeczywista
i cze$¢ urojona) obliczano metoda eksperymentalnej analizy modalne;.

Badania wlasciwosci wytezenia materialdow obejmujg  wyznaczenie widmowych charakterystyk
energetycznych S$cinania, skrgcania i zgniatania oraz miar zmiany parametrow strukturalnych(miar tarcia
wewnetrznego i sztywnosci dynamicznej

Stowa kluczowe: stan degradacji, materiat konstrukcyjny, zmiany strukturalne, sztywno$¢ dynamiczna.

1. ENERGY CHARACTERISTICS OF
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the dynamic load power in a mechanical system:
Fig. 1. Model of machine
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STRUCTURAL DEGRADATION OF
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The elements of the matrix of dynamic
characteristics: are the functions of spatial
degradation measure D of the mechanical system.

Fig. 2. Location of testing points of
vibration acceleration and points
subjected to forcing actions by
a modal hammer
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Fig. 3 Impulse loads power spectral density imaginary parts changes, describing object structural degradation
(scope 150-220 Hz)
Technical degradation process of the sample resulted in either growth of mode frequency (greater rigidity) or a

reduction of mode frequency. Relative change in dynamic rigidity of a mechanical object due to its structural
degradation:
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Fig. 4. Energetic modes damping Fig. 5 The changes of dynamic rigidity of a
changes resulting from beam pretensioned prestressed concrete beam as a

degradation result of a degrading dynamic load
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3. STRUCTURAL DEGRADATION OF

CONSTRUCTIONAL MATERIALS
Below are energetic characteristics of impulse loads
causing structural degradation of a standard-
dimension sample of constructional material. The
key element of the test station was electric impact
hammer (Fig. 6). Torsional moment of force was
applied to samples of various constructional
materials (e.g. steel, cast iron) of standard
measurements.

Test piece
Electric impact | Computer
hammer
Impedance sensor sgm?‘ml' |
2034
a

Fig. 6 The scheme of test stand to
analyze dynamic degradation of
constructional material samples
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Fig. 7. The real (real changes) and
imaginary parts (rigidity changes )
of the power spectral density of the
impulse loads power

Fig. 8. Crossection of fatigue scrap
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Fig. 9. The real (real changes) and
imaginary parts (rigidity changes )
of the power spectral density of the
impulse loads power

High loads maxima characterised the process of
sample cracking and breaking. The shift of
characteristics extremes (Fig.7) and the occurrence
of reduction (or growth) of minima frequency (anti-
resonance) in energetic characteristics, serve as
a confirmation of the degradation state of
a mechanical object. Cracked samples are shown in
Fig. 9.
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Fig. 10. Spectral characteristics of the
power load N (f, p)

CONCLUSION

The processes determining the machine life
characteristic and the measures of changes of
its technical state have an energetic dimension.
Therefore, one should use energetic methods in
performing tests in the field of rigidity of
mechanical objects.

In order to assess the dynamic condition of a
machine, it is required to know dissipated power
(real parts of dynamic load powers) and separate
the powers of inertia forces and dynamic
rigidity forces (imaginary parts of dynamic load
powers). The method is applied in research into
energy dissipation and structural changes in
mechanical objects.

. .Information about the technical condition of an

object can be obtained from energetic
characteristics of power spectral density of
dynamic load powers and amplitude estimates
represented in the synthetic form for dynamic
rigidity force powers and damping force
powers, which change along the evolving
process of their degradation. When analysing
3D diagrams of power spectral density for force
powers in the function of frequency and the
function of time, changes (maxima) in the run of
these functions can be noticed.
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