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The presented results are concerned with energy transmissiwo dimensional plate-like
structures, which undergo the different frequency foragtation. The method for structural
intensity computation is illustrated and formulas of stawal intensity for plates and their
relationship with internal force and strain are given in kgofl—4]. The formulas were used in
the program algorithm for structural intensity calculagoThe calculations were done with
use the FE method to obtain harmonic response solution. Ncmhexamples are presented —
the welded connection of two flat rectangular plates. Theehimtluded the force excitation
and dampers formed in lines parallel to the one side of pladetlae welded connection. The
relationship between structural intensity and structaoratle shapes as well as the changes of
energy flow in plate for the excitation frequency change &seussed.
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1. Introduction

The structures of vehicles are subjected to external dynamic loading ariiug
excitation frequencies, from slowly varying wave loads to high frequenieraction
of engines, road and suspension induced forces. When the fradgaesf the exter-
nal forces are close to one of the natural frequencies of the structurgponents, the
permissible vibration levels may be exceeded, which results in fatiguedaituthe
structure, or very high noise level inside. Since plates are most colymeed built-up
structural elements in vehicles, the damage of plates or their connectilbnsswit in
disintegration of overall body of the vehicle.

The quantity of the structural intensity is the power flow due to structurahtitn
per unit cross-sectional area in elastic medium. The interest on invistigastructural
intensity arises for practical reasons. Structural intensity field indicagem#gnitude
and direction of vibration energy flow at any point of a structure. Enéaoyv distribu-
tion offers information of energy transmission paths of mechanicabgnBissipative
elements, mechanical modification and active vibration control can & fos an al-
teration of energy flow paths within the structure. Of practical concemms@mplex
built-up structures, which can be successfully treated only by numexicaputation
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when prediction of structural behaviour in various operating conditiongésied. For
these reasons, the investigation of energy flow paths in plate connectionmigant to
the damage detection for vehicles.

The work presents formulations on structural intensity calculations. thad for
structural intensity computation is illustrated and formulas of structural sitiefor
plates and their relationship with internal force and strain. The modelling-amgbu-
tation is done for one and two dimensional structures: plates and shedisiemsd here
as constructional elements. The numerical method of intensity evaluatishased on
complex modal analysis and superposition of modes with use of finite etemmethod.
There are presented results of the calculations which lead to the asees$ufistribu-
tion of structural intensity (vector field) on the surface of simply suppometangular
steel plates connected by the welded type joints. The models included tioe sdwi-
brations (linear force excitation) and sink of energy in form of linearfigomation of
damping elements. The changes of finite elements grid density enabldddiately-
sis of total vibration energy flow in analysed plates through the place of poited
problem was intended to show the usability of structure surface intensityocthéth
diagnostics of joints and role of stiffeners in mechanical constructioasialfpy those
typical for the vehicles as means of personal transport.

2. Assessment of energy flow

For linear flexural vibration in thin plates, the total active structural intensaty
tors consist of components due to shear waves, bending waves atidgwigsves.
Following the conventions of references [1, 2] the orthogonal compisnof structural
intensity, in W/n#, for thin-walled two dimensional structures may be written as:

T=1Ii+1,;. (1)

The component$, and/, are computed from the internal shears and moments, which
for thin plates are proportional to the spatial derivatives of the trassvelate veloc-
ity [2—4]:

(Qq )t + (My éy> — (Mg, 0.)

I, = ; , (2)
I, = (Qyu) — <Myhéx> + (Mzy 9y> _ 3)

The spatial derivatives can be calculated analytically with the assumptiqiate
theory or computed through finite differencing. Equations (2) andr@laed to form
formulas for structural intensity components [2, 3].

3. Model of welded connection of plates

The main target of the analysis of the rectangular plate was the testing tbteisdtu
intensity fields for different frequency force excitation. In the preoafsmodelling and
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analysis was applied elaborated program for calculations of complerlmuutlel, al-
lowing the consideration of additional localised damping in the system.

Each intensity component was computed at all points of the mesh grictai 6id
resonance frequencies of thin, rectangular plate, simply supporteebashorter sides.
The plate dimensions werem x 3.3 m x 0.01 m. It was composed of two plates
connected at the shorter side. Model of line welding included the stiff extion of
plates along the one row of finite elements and at the distance equal to theesck
of one plate. The length of composing plates hie x 1.5 m x 0.01 m. The material
of plates was the constructional steel. The material properties of steelfelwing:
Young's modulus,E = 2.11 x 10'!' Pa, Poissons ratia; = 0.3 and densityp =
7860 kg/m?. The plate was excited by harmonic forces perpendicular to the platg. The
form a line parallel to the shorter plate’s side, marked as line of stars irefigirhe
amplitude of the excitation was set16® N. The frequency of excitation was changed
in the range from 5 to 100 Hz. The viscous damping forces were appligtetplate
in the purpose of vibration energy absorption. They form a line paralléigshorter
plate’s side, marked as line of triangles on Figures. The FEM model measgged using
the NASTRAN software and consisted of equal square elements of @QU}ie.

Figures 1, 2, 3, 4 and 5 show the predicted structural intensity pattesh. fitot
contains a set of structural intensity values shown in form of vector fidid. vector
lengths are proportional to the magnitude of the intensity at the location tinsetail.
Vectors are proportional to the intensity magnitude and shown in grey @etilside of
plot). Each plot shows clearly energy flow from the excitation forces firpéat of the
plate toward the dampers placed on the right part of the second platn@tye damper
positions the intensity vectors show lower magnitudes, indicating energipatiss
at the damper. The plots of vectors go to zero at the shorter plate eslggsofted
edges) due to the increased stiffness. The highest values of sttuotaereity at the
edges of plates are the results of highest values of stresses at tisdretiye place of
welded connection. Figure 6 shows the predicted maximum values dfisaliotensity
magnitude for each vector field versus excitation frequency.
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Fig. 1. Structural intensity field for two simply supporte@ided rectangular plates. Excitation force
frequency 5 Hz.
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Structural intensity field for two simply supportectlded rectangular plates. Excitation force
frequency 22 Hz.
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Structural intensity field for two simply supporteclded rectangular plates. Excitation force
frequency 59 Hz.
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Structural intensity field for two simply supportectlded rectangular plates. Excitation force
frequency 64 Hz.
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Fig. 5. Structural intensity field for two simply supporteetided rectangular plates. Excitation force
frequency 85 Hz.
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Fig. 6. Maximum values of structural intensity magnitudedach vector field versus excitation frequency.

Structural intensity vector magnitude, W/m?

The calculation has been done for 100 first mode shapes. In cat®g ntimber
of mode shapes there were observed significant changes in distrilofiti@ctors for
the same density of net of elements. For the some frequencies thezeobszrved
abrupt changes of vectors distribution and what is more significant &xémam value
of vectors magnitude.

The change in value of vectors magnitude was of 4 orders varying f@ntill
2.0 x 105 W/m?. The magnitude of structural intensity vectors decrease with increase
of excitation frequency. In energy flow analysis it is not sufficient teeskie only the
intensity vectors. The better measure of energy flow is the total enewgyttough the
closed area around the places of excitation and damping or through the wiadth of
the plate.

4. Conclusions

The distribution of structural intensity vectors gives the qualitative clariatic
of vibration energy transportation in mechanical systems. Introducfian additional
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measure in form of integral of magnitude structural intensity vector comapt perpen-
dicular to the certain closed surface enables the quantitative assesé@eatgy trans-
fer paths and its balance in the structure. The method of analysis of s#luatensity

distribution enables the investigation in the regions of high concentration rHtioh

energy flow which consequently is exposed to the risk of damage orpagating the
sound waves to the environment. It can be also considered as the idgiatifiof the
regions for application of additional damping elements in purpose of logef vibra-

tion level and resulting noise radiation. The structural intensity pattern earséd to
identify power transfer paths as it presents a vectorial nature of vibratiergy flow in
structures. Presented method of structural intensity vector calculatadnesrits evalu-
ation for chosen frequency range and mode shapes [3]. The daoslare done with
the application of complex modal parameters — modal analysis baseuiterefement
method.

From the calculated results, we can find that despite the change of thetiercita
force frequency acting on the plate, the structural intensity fields carlycliedicate
the source, the sink and the transmission of energy flow from souregcitation to
the sink through plate. The patterns of structural intensity in plate will begetawith
many factors, such as loading characteristics, mode shapes of datipletures, num-
ber and geometry shape of stiffeners attached to the plate, and many. éthalysed
case of welded connection has shown the influence the connectionssifipen the
field distribution and magnitude of structural intensity vectors. High valtisguactural
intensity at the edges of plates at the welded connection is due to the oveatestim
stress values. The nature of structural intensity distribution is highly érecudepen-
dent. It has been proved by the numerical experiment that it is versitse in the
range close to the mode frequency. It can be observed the abamiehof vector field
distribution but not similar in shape to the suitable mode shape.
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