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The first eigenfrequencies of the packages in the non-deformable box have been
determined as well as the forced frequencies excited by the non-uniformities of the road. In
order to avoid big overloads it is recommended to choose the velocity of motion in such a
way that the difference between the eigenfrequencies and the forced frequencies would be
maxmin.

Eigenmodes of ten rows and ten columns of packages in a box are analyzed. A
package is represented as a single plane strain element. Interconnection of packages is
assumed by special elements which ensure continuity of the normal displacement by the
penalty method.

Eigenmodes of ten long packages in a box are analyzed. A long package is
represented as consisting from ten plane strain elements.

The influence of vibrations in the process of transportation of packages is analyzed
by taking the non-uniformities of the road profile into account. The main structure of the
performed investigation is presented here, while the detailed optimal synthesis and results
of experimental investigations are the subjects of other papers.

Road, non-uniformity, forced frequencies, package, box, plane strain, eigenmodes,
vibrations, finite elements, penalty method, interconnecting element, long package.

Introduction

The forced frequencies excited by the non-uniformities of the road are
determined. In order to avoid big overloads of packages it is recommended to
choose the velocity of motion in such a way that the difference between the
eigenfrequencies and the forced frequencies would be maxmin.

Eigenmodes of ten rows and ten columns of packages in a box are
analyzed. A package is represented as a single plane strain element.
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Interconnection of packages is assumed by special elements ensuring approximate
continuity of the normal displacement between the packages by the penalty
method.

Eigenmodes of ten long packages in a box are analyzed. A long package is
represented as consisting from ten plane strain elements.

The first eigenmodes are determined and analyzed.

The model for the analysis of vibrations of packages is proposed on the
basis of the material described in [1, 2].

In the research presented in references [3-7] the problems of optimisation
of breaking of a wheel of a car are analyzed by taking into account the non-
uniformities of the road profile. There the variable representing the non-uniformity
of the road is assumed as a variable random quantity in a stationary process with
zero mean and the statistical dynamics of such a system is investigated.

In a number of references [8-10] the problems of comfort while driving are
investigated. The possibilities of reduction of vibrations inside a vehicle are
analyzed. The main source of excitation of such vibrations are the non-uniformities
of the road profile [11].

In this paper the influence of vibrations in the process of transportation of
packages is analyzed by taking the non-uniformities of the road profile into
account. The main structure of the performed investigation is presented here, while
the detailed optimal synthesis and results of experimental investigations are the
subjects of other papers.

Vibrations excited by the non-uniformities of the road profile

In general non-uniformities of the road profile are represented in the
following way:

n

§=§(X)=§1An cos[Znn%+aﬂ], 1)

where A, are the amplitudes (n =1, 2, ..., s), x is the longitudinal coordinate, 4, are
the wavelengths and o, are the phases.

When the box of packages is being displaced with a constant velocity
experiencing point contact with the profile of the road, the equation (1) takes the
following form:

£=&(xt) =§1An cos(222t+a, ), )

where:
, (3)
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t is the time variable and X is the average velocity.

In order to avoid resonance vibrations and to minimize the level of
vibrations it is recommended to choose the velocity of transportation of the box of
packages in such a way that the minimum distance between the forced vibrations
and the eigenfrequencies would be maximum, that is:

maxmin L3 (e, -Q,), (4)

where w; denotes the eigenfrequency with number i.
Model for the analysis of vibrations of packages

Further x and y denote the axes of the system of coordinates. The local
coordinates (&, #) of the nodes of a plane strain element are (-1, -1), (1, -1), (-1, 1),
(1, 1). The element has two nodal degrees of freedom: the displacement in the
direction of the x axis denoted as u and the displacement in the direction of the y
axis denoted as v.

The interconnecting element is considered as a one dimensional element
with the local coordinate & in its longitudinal direction. The derivative of the
longitudinal coordinate s with respect to the local coordinate is expressed as:

ds_ [(ox) (v ®

d& d& d

The interpolation of the difference of displacements du and dv for the
interconnecting element is performed by:

MEIC] ©)

where {6} is the vector of nodal displacements and for the horizontal
interconnecting element:

_[-N, 0 -N, 0 N O N, 0
[N]= , (7)
0 -N, 0 -N, 0 N, 0 N,

1 2

where N; are the shape functions of the one dimensional linear finite element.
For the vertical interconnecting element:
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The difference of normal displacement du, is expressed as:

o, =[] =TI )0} ®

where the transformation matrix is introduced:
(10)

The following notation is introduced:

[N]=[T][N T, (12)

The stiffness matrix of the interconnecting element has the form:

[K]:j[ﬁTl[ﬁ}ds, ‘ (12)
where A is the penalty parameter.

Results of analysis of eigenmodes of packages

Length of the structure and width of the structure are equal to 2 m. On all
the boundaries of the structure all the nodal displacements are assumed equal to
zero. The following parameters of the packages are assumed: modulus of elasticity
E= 6000 Pa, Poisson’s ratio v= 0.3, density of the material p = 785 kg/m?, while 4
=10° N/m>. The first eigenmodes are presented in Fig. 1.

The first eigenvalues are @’ =14.6263 (@j , o’ =’ =19.801 (@) _
S S

The second and the third eigenmodes correspond to the same eigenfrequency. This
is the consequence of the symmetry of the analyzed structure: that is of assuming a
square domain (box of packages). Thus any linear combination of those
eigenmodes also is an eigenmode.
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Fig. 1. The first eigenmodes: a) the first eigenmode, b) the second eigenmode, c)
the third eigenmode

1 pav. Pirmosios savos formos:a) pirma sava forma, b) antra sava forma, c) trecia
sava forma

Results of analysis of eigenmodes of long packages

Eigenmodes of ten long packages in a box are analyzed. A long package is
represented as consisting from ten plane strain elements. Other geometrical and
physical parameters are assumed the same as for the previous problem. The first
eigenmodes are presented in Fig. 2.

b) c)

Fig. 2. The first eigenmodes: a) the first eigenmode, b) the second eigenmode, c)
the third eigenmode

2 pav. Pirmosios savos formos: a) pirma sava forma, b) antra sava forma, c) tre¢ia

sava forma
The first eigenvalues are @’ =14.7755 [@j , o =19.8687 (@j ,
S S
. =20.5246 (%) . The effect of slippage of packages with respect to one

another is clearly seen from the graphical representations of the second and the
third eigenmodes.
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Conclusions

The first eigenfrequencies of the packages in the non-deformable box have
been determined as well as the forced frequencies excited by the non-uniformities
of the road. In order to avoid big overloads it is recommended to choose the
velocity of motion in such a way that the difference between the eigenfrequencies
and the forced frequencies would be maxmin.

Eigenmodes of ten rows and ten columns of packages in a box are
calculated and analyzed. The applicability of special interconnecting elements
ensuring approximate continuity of the normal displacement between the packages
by the penalty method is investigated.

Eigenmodes of ten long packages in a box are calculated and analyzed.

This model is an idealized one, but the assumptions made enable to easily
obtain the eigenmodes of packages.

In this paper the influence of vibrations in the process of transportation of
packages is analyzed by taking the non-uniformities of the road profile into
account. The main structure of the performed investigation is presented here, while
the detailed optimal synthesis and results of experimental investigations are the
subjects of other papers.
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KELIO PROFILIO NELYGUMU SUZADINAMI PAKUOCIU DEZES
VIRPESIAI

Reziumé

Nustatyti pirmieji pakuo¢iy nedeformuojamoje dézéje savi dazniai, o taip
pat kelio nelygumy suzadinami priverstiniai dazniai. Tikslu iSvengti per dideliy
perkrovy rekomenduojama parinkti tokj judesio greitj, kad skirtumas tarp savy
dazniy ir priverstiniy dazniy biity maksmin.

Analizuojamos deSimties eiluciy ir deSimties stulpeliy pakuociy esanciy
dézéje savos formos. Pakuoté vaizduojama vienu elementu esanciu plokscioje
deformuotoje biisenoje. PakuocCiy tarpusavio rySys priimamas panaudojant
specialius elementus, kurie uZztikrina normalinio poslinkio tolyduma baudos
metodu.

Analizuojamos deSimties ilgy pakuociy esanciy dézéje savos formos.
Priimama, kad ilga pakuoté yra sudaryta i§ deSimties elementy esanciy plokscioje
deformuotoje biisenoje.

Pakuociy transportavimo procese virpesiy jtaka yra analizuojama jvertinant
kelio profilio nelygumus. Pateikta pagrindiné atlikto tyrimo struktiira, o detali
optimali sintezé ir eksperimentiniy tyrimy rezultatai yra kity straipsniy analizés
objektais.

Kelias, nelygumas, priverstiniai dazniai, pakuoté, dezé, plokscia
deformuota biisena, savos formos, virpesiai, baigtiniai elementai, baudos metodas,
Jjungiantis elementas, ilga pakuoteé.
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Jlaypa I'srsnkene, Damynnac Kubupxkmruc, Banpnac MumroHac,
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KOJIEBAHUA AIIUMKA YIIAKOBOK BO3BYKIAEMbBIE HEPOBHOCTSIMU
IMPOOUJIIA JOPOI'N

Pesrome

VYcraHoBneHB — MEpBble  COOCTBEHHBIE ~ YacTOTHI  YMAaKOBOK B
HenehopMHUPYEMOM  fIIMKE, a TaKKe BBIHY)KICHHBIE YacTOThl BO30YXIaeMble
HEpOBHOCTAMHU aopord. [ns m3bexaHuss OONBIIMX IEPErpy30K PEKOMEHIYyeTCs
BHIOpaTh Takyl0 CKOPOCTb [BW)KCHUS, TpPH KOTOPOW pa3HUIA MEXKIY
COOCTBEHHBIMH YaCTOTAMH U BBIHYKJICHHBIMH 4aCTOTaMH Obli1a ObI MAKCMUH.

AHamM3UpYyIOTCST COOCTBEHHBIE (POPMBI JIECATH CTPOK M JECATH CTOJOIIOB
YIIaKOBOK B SIIWKE. YMAaKOBKa MPEACTaBIACTCS OJHUM JJIEMEHTOM B IJIOCKOM
neOpPMUPOBAHHOM COCTOSIHWH. B3auMHasi CBS3b YIAaKOBOK MpPUHUMAETCS
UCTIONB3YSl CIEUUalbHBIC 3JEMEHTHI, KOTOpBIE OOECIICUHBAIOT HENPEPHIBHOCTD
HOPMAaJILHOTO NEepPEeMEILeHHs IITPA(YHBIM METOIOM.

AHaMU3UpyTCs COOCTBEHHBIE ()OPMBI JECATH YIUIMHEHHBIX YIaKOBOK B
smuke. [TpuauMaeTcs, 4To yanuHEHHAs yIaKOBKA COCTOHUT U3 JAECSATH JIEMEHTOB B
IUIOCKOM 1e()OPMHUPOBAHHOM COCTOSIHHU.

B mpomecce  TpaHCHOPTUPOBKM  YHNAKOBOK  BIMSHHE  BUOpanuid
aHaNMM3MpyeTCsl ¢ y4€ToM HepoBHOCTeH mpoduist moporu. [IpuBonuTes ocHOBHAs
CTPYKTypa NPOBEAEHHOTO HCCIIENOBAHUS, a NETAIbHBI ONTHUMAJbHBIA CHHTE3 U
pe3yabTaThl JKCIEPUMEHTABHBIX HCCIIEOBAaHUM SIBISIIOTCS OOBEKTOM aHaIu3a
JIPYrUX CTaThEH.

Hopoza, nepogrnocmy, 8bIHYICOCHHbIE YACMOMbL, YHAKOBKA, SUUK, NIOCKOE
Odepopmuposanroe cocmosnue, cobcmeenHvle GOpMbl, KOAeOAHUSA, KOHEYHble
9/1eMeHmbl, WMPAHOT Memoo, COeOUHAIOWUTL ITNeMeHM, YOTUHEHHAS YNAKOBKA.
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