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Abstract

Unwanted dynamic reactions (vibrations) disorgamizeachine functionally and structurally
and determine changes in its technical condition.

Dynamic properties of a machine are a derivativepatial distribution of machine physical
properties and boundary conditions as well as g of connecting it with the prime mover.
In the study of energetic profiles of vibration disain a machine, the method of dynamic
susceptibility is applied to build the analyticalodel of the system, and the method of
experimental modal analysis is used to identify mvae dynamics profiles.

The paper presents the application of the analygthod for distribution of dynamic load
powers to describe the technical condition of ajeaband the degradation process of a
mechanical object. The method of energetic modglfor machine vibration loads helps to
establish separately the power of dumping forces imartia forces, and dynamic stiffness
forces in a complex mechanical system. This methitmivs assessment of the impact of
particular input functions and components of fopmver spectra on the life curve of an
object. It can also be a method of experimentakmey¥or numerical strength models obtained
by finite element methods. The knowledge of spadtiatl distribution in a mechanical object
in the functions of frequency and operating timépfedentify elements that are subject to
overloads. Changes proposed on the basis of wirébiad analysis help avoid overloading
and braking machine components.

1. INTRODUCTION

This paper presents spatial, energetic charattsrief vibration loads, describing
diagnostic conditions of specific machines. The huodtis applied in analyzing energy
dissipation and structural changes in mechanicgoctdh The method takes into account
spatial changes of energy in individual subsystassvell as energy flow between those
subsystems. Through analyzing energy density digtdan in each subsystem, spatial change
of vibration response is obtained (in the areascokleration, stress, acoustic pressure etc.). In
order to assess the dynamic condition of a machnewledge of dissipated power is
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required (real parts of dynamic load power) as aselseparation of the power of inertia force
and dynamic rigidity power (imaginary parts of dgma load power). A synthesis of spectral
characteristics for the loads was made by decomgasharacteristics matrices into singular
values, whereby estimates of dominating spectrgpafier spectral density of machine
mechanical loads were achieved. Dominating singsfsectra of the power matrix were
determined for machine dynamic loads, its real iamahinary parts. Along with the increase
of dynamic loads, interrelations between the pavfeigidity and damping forces change.

In the research, spectral power characteristiodyabmic loads were specified for a rolling
press and wood chipping machine. Energetic charstits of dynamic loads on the wood
chipping machine are of impulse character. Thecgire of the machine is compact. Dynamic
load powers for specific structural nodes vary. &wic inertance in various points of the
machine were specified. Linear properties of maehstructure were found in a broad
frequency range and large range of amplitudes.

2. CHARACTERISTICSOF THE DEGRADATION PROCESS FOR
A MECHANICAL OBJECT EXPOSED TO EXTERNAL FORCING
VECTOR

In the time function of machine operation the niaehs exposed to the process of
evolutionary destruction resulting from excessigads and fatigue of structural members,
and wear related to friction (play) etc. The goathe testing research is to identify a failure
risk or a condition that directly leads to a fadurThe issue of assessing the technical
condition of a machine amounting to the monitoraignachine degradation is based on the
energy processor model. The method used for tedtweg characteristics of life time
degradation of a spatial object (physical modefamed to multiple variable forcing actions,
helps specify the spectral load components whiclvige information about the progressive
technical degradation process of an object. Applyime analysis of dynamic load power
distribution to the process of mechanical objeajrddation, provides a modern, energetic
method of reliability and life time analysis for afject. It also allows an assessment of
influence exerted by specific forcing actions ancthponents of power spectra of degradation
forces on life time characteristics of an objectdn also be a method of experimental review
for numerical durability models achieved by findiement method (FEM).

The knowledge of spatial distribution of loadsaomechanical object in the functions of
frequency and operation time, helps identify congmis exposed to overloads (exceeding the
limiting tension values). It will also help asseasd forecast their technical condition.
Changes proposed for the structural characteridtelp avoid overloads and damaging
machine components.

The proposed method of energetic modelling of nmeckegradation verifies the need
to consider, on a separate basis, dissipated ersmrdythe power of inertia and dynamic
rigidity forces in a complex mechanical system. Tiethod takes into account the synergy of
factors affecting the degradation of a structu@rasion, fatigue, environmental influence
(humidity), temperature, non-homogeneous structure.

Throughout machine operation time numerous phenantake place and change its
technical condition (life time and reliability). &king is the most dangerous result of energy
dissipation in the structural material of the maehand it leads to unpredictable kinetic nodes
introducing additional degrees of freedom causimgeoration of structural functions.
Variable stresses caused by vibrations focus oredges of gaps and material defects. As a
result, energy dissipation in the material is alsoused in those spots. Propagation of
material defects resulting from variable stressexiyces fatigue scrap. Input data for the
optimization system are obtained from machine dpmraand accelerated hands-on tests of
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the machine or its components. Machine componergsfraquently exposed to regular
bending or twisting loads, or both of these atdhme time, as well as static loads (weight and
preload loads) linked to machine functions. Thexsel$ cause material fatigue processes at
spots of stress accumulation.

3. DETERMINING FATIGUE-RELATED LIFE TIME OF A MACHINE
USING THE METHOD OF SPECTRAL ANALYSISOF DYNAMIC
LOAD POWER DISTRIBUTION. CHARACTERISTICS
OF MACHINE DEGRADATION PROCESS

The life time of a machine being a complex systeaffected by dynamic properties of
its components, as well as materials of which ih&le. Deterioration of a mechanical system
is linked to changes in its structural propertes these occur because of energy, being the
difference between input work and useful work im@chanical system. Energy dissipation is
caused by the processes of external and interialofr as well as permanent material
distortion. Taking into account the fact, that godissipated energy is dispersed in the form
of heat, it is possible to determine very precidély energy causing permanent distortion of
specific machine components. This energy is theeaft fatigue destruction of material.
Criteria covering phase differences between distond stress components can be classified
in a number of ways. One of them is to split theyntlee type of parameters adopted to
describe the fatigue process. There are three grotipriteria: stress, distortion and energy
related.

According to the Huber strength hypothesis formadatn 1904 material destruction depends
on the critical specific energy value of non-ditedaal strain.

For small non-dilatational strains in material, #@ergy of non-dilatational strain is close to
energy in linearly elastic material, and therefphgsical properties of material will, in the
initial phase of distortion, be similar to physigabperties of linearly elastic materials, which
is characteristic of most popular materials of higtactical significance and used as
construction materials.

The state of dynamic (vibration) loads on a machseescribed by the matrix of power
spectral density of dynamic load powers in a meidahsystem [2]:

{GNy (jo, 0} =H, (i»,0) (G (iw ©) (1)

where: Hy, (j a,@) — the matrix of dynamic mobility of a system,
Grr (ja,@) — the matrix of spectral density of forcing acgon
The powers RENk (@) being real values, are a measure of dissigad@ckrs; the powers

ImGN« (©), i #k, are force powers of dynamic rigidity and inexfamechanical structures
transferred to spots™

4. EXAMPLES

4.1 Energetic characteristics of dynamic loads on a hay silage rolling press. Dominating
input power characteristics of press dynamic loads

Figure 1 displays spectral characteristics of dyicdoad powers on the press in point
1, determined during hay silage pressing.
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In a single-input (force torque) — multiple-outd@®MQO) mechanical system, the matrix of
machine load power distribution was determinedhwis components being the powers

GNi, i # k (i — vibration measurement point, k — torque meas@nt point), which are
complex quantities. The procedure of decompositida singular values (SVD) of spectral
power density matrix was made for dynamic load psveé the rolling press.

f [HzZ]

Figure. 1. Comparison of power spectral densityigiflity and inertia force powers. (upper figure)
and damping force powers (lower figure),1x(haygela
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Figure. 2. Amplitude characteristics of press dyicadoad (module, imaginary part — green,
real part — red)

As a result of decomposition into singular valwéshe matrix GNi performed for
specific frequenciesy, :

@(wk)ll @(wk)lz @(wk)ln o(wy), 0
SVOlGN(0,]= SV BN, )os GN(0) o BN =0 0 o(w), 0 v @
GN(wk)rl GN(wk)rz GN(wk)rn O O J(wk)max(r.n)

dominating singular values are obtaingty, ), .
The same method can be used to specify decompositio singular values of the matrix

GNi which includes as its elements real or imaginamngspof the matrix of power density of
the power.

om(®), 0 0
svOmGN(o )]=U! 0 on(@), ... 0 Vv
0 O Ulm (a)k ) max(r,n)
3)
Ore(®y ), 0 0
SVDReGN(w, )]=U{ 0  opl@), .- 0 Vv
0 0 tee O-Re (wk ) max(r,n)

The obtained decompositions bring a complete h&fittimage of dynamic loads on the
machine. Dominating singular spectes,, can be considered as estimates of dissipated

power, whileg,, can be treated as estimates of the powers oftyigaidd inertia forces.
Specific dominating power spectra were determinadthe dynamic load power of the
machine and its real and imaginary parts.

During machine operation, the highest values ofadyic load power appear in low frequency
bands: 0.5 - 2 Hz, 5 — 6.5 Hz, 11 — 12 Hz. Alonthwihe increase of dynamic load powers,
interrelations between the power of dynamic rigiddrces and damping forces change.
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4.2 Energetic characteristics of dynamic loads describing the process of structural
degradation in awood chipping machine

Based on a complete matrix of spectral charatiesjisamplitude power estimates were
determined for dynamic loads in a wood chipping Inmae (table 1).

Table 1. Dynamic load power amplitudes for a wobighping machingWw]

. Wood diameter :
No. of rgoeiz;furement Idling 35 mm 20 mm 120 mm

real | imag| real| imag real | imag| real imag
1 2,1 2,7\ 31| 14| 10,7\ 7,7\ 257,8 308,3
2 2,0 31| 49| 23| 97| 11,9 2085| 208,1
3 1,7/, 23| 36| 19| 58| 11,0/ 299,0, 327,8
4 21 28| 35| 16| 11,2, 76| 372,6] 254,0
5 2,1 29| 52| 25| 12,0/ 12,0f 367,6] 325,6
6 2,0 3,1 6,3| 28| 17,5| 17,7|4383,3| 6774,7
7 1.8/ 2,7/ 68| 6,4| 90,6 63,2 4203,2| 7100,9
8 2,7/ 30| 52| 51| 28,3 21,7|3717,9| 7375,5
9 43| 6,5 10,5| 8,3| 26,7| 32,7| 1056,0f 840,3
10 36| 44| 7,1 34| 22,8| 16,1| 522,3| 689,7
11 2,2 3,0/ 51| 23| 13,1| 17,7|1004,3| 1521,7
12 24| 44| 66| 28| 10,3| 17,1| 19,3 18,8
13 2,7 34| 45| 32| 12,2| 10,7 6,5 6,6
14 23| 32| 56| 33| 11,5| 12,7| 549 55,7

Dynamic loads in a wood chipping machine are gbutee character. The structure of
the machine is compact. In the spectral charatiezisf load power, there are no components
showing particular intensity. However, the valuds dynamic load powers of specific
structural nodes of the machine vary.

Dynamic inertance was determined in individual p®iof the machine. Linear properties of
the machine structure were found in a broad frequeange and large range of amplitudes.
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5. CONCLUSIONS

In order to assess the dynamic condition of ahime, it is required to know dissipated
power (real parts of dynamic load powers) and s#pahe powers of inertia forces and
dynamic rigidity forces (imaginary parts of dynanad powers). The method is applied
in research into energy dissipation and structtitahges in mechanical objects.

. Information about the technical condition of alpject can be obtained from energetic

characteristics of power spectral density of dymalmad powers and amplitude estimates
represented in the synthetic form for dynamic itgidorce powers and damping force

powers, which change along the evolving procesbaf degradation. When analysing 3D

diagrams of power spectral density for force powerthe function of frequency and the

function of time, changes (maxima) in the run @& functions can be noticed.

. Spectral characteristics of dynamic load poweese determined for the press used for

pressing various materials. The synthesis of splettad characteristics was obtained
through decomposition of characteristics matriegs singular values, which provided the
estimates of dominating spectra of power spectakity of dynamic load powers in the

press.

Energetic characteristics of dynamic loads desugithe process of structural degradation
in a wood chipping machine are of impulse charadtarear properties of the machine

structure were found in a broad frequency rangelange range of amplitudes.
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