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l .  Introduction

One of the rnost titne and work consuming tasks in
process of the analysis of lar-ge scale rnechanical systems is
to obtain the stress-strain state of elenrents of a systen]
under the dynarnic loading. There are several ways to solve
the problem. In this paper two of them - the linear spectral
nrethod and the dynamic analysis method are described,
analyzed and compared on the basis of the numerical
analysis results obtained by usin_u brxh methods in
ANSYS5.6.3.

2. Linear spectral method

Linear spectral method is widely used in seismic
analysis of elastic structures [], 2. 3, 4]. The seismic
loadin-r is determined as the response spectra (mostly - the
acceleration spectra) at every constrained node. This
method also is suitable firr evaluation of the resp<tnse of
large-scale systems kr the combined seismic, filrce. inertial
and thermal loading.

The linear spectral method is applied to the dynarnic
equations of a structure presented in modal coordinates.
The analysis consists of the fbllowin,e steps:

o calculation of displacements and stresses of
elements of a structure under the static loadins that
presents the normal operatin-u conditions;

. the modal analysis the structure;

. the seismic loading corresponding to every mode
is calculated on the base of the prescribed response spectra;

. the responses (displacements, moments, fbrces,
etc.) corresponding to every mode of the considered
structure iue calculated by applying loading calculated in
the previous step;

. the total response of the structure to the seismic
loadin,u is calculated where the contribution of the every
mode is evaluated by usin-e appropriate combining method
(grouping method was used in this work);

r the results of calculations perfbrmed in previous
step are added to the results of static analysis at the normal
operating conditions and the stren_qth of the mechanical
systern is estimated.

The matrix dynamic equation of an elastic structure
reads as

flu* J
llu* l

where {U,r }. {U^ } - vectors of nodal displacernents of the
structure. IMl. lcl and [K] - rnass, darnping and stif l iress
matrices, {R} - reactions at nodes sublected to seisr.nie
excitation.

Afier transfirnnations of equation (l) - deconrposing
the law of vibration of nun-constrained nodes into two
parts and rnakin-r the proportional dampin-e i.lssulnpti()n
lcl= AM| where p is i.t constanr multiplier. equation ( l )
reads as

fM,,lfu r,,)* b", ]t, ",, )* [,r-" ]{u,,, } =fu lV r},,r,
I " l

wtrere [M]= [u  r , ] lx  nn ]  
' [K,*  

l - lu  , r ] .
The natural tiequencies of the structure ro n are

obtained by solving the equation

.lcr([r,n ]-,r ' [,rz ̂ , ])= o , (3)

where rr - number of the degrees of fieedom of the
structure.

When all modes are normalized in order to satisty the
relation {J',} '  I M ,, ]{:-, }=l . dynlmic equation (2) splits
in l ( )  / r  independent  equal ions:

: , + 2 o , p , : , + { o , ) :  = {  : , , } '  I  U  ] { U  *  } ,  i = 1 .  2 , . . . ,  t t  ( 4 )

whe re  {U  r  }  =  L r , r i : ,  +  {  ) '  , , = .+ . . . +  {  t ' , , } : , , :

{,r,r }, {.v:}, ..., {,v,} - vectors of nomalized natural fbrms;
B i- the damping factor of the i-th rnode;

{ U r } = { l t } a ( t ) ,

where a(t)- the prescribed time law of the acceleration of
the support ofthe structure .

The equation of vibrations of the sin-sle modal d.o.f.
corresponding to the natural liequency ot reads as

I  + 2 o p , i + a ; t . r - - u ( t ) .  ( 6 )

In accordance with equations (4), (-5) and (6) the
contribution of i{h mode to maximal displacements of
the structure is

: i , ,u,  =441{ y,} '  tu l {v } ,  ( l )
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The contributions of all nrodal resoonses i lre
combined as

where r7i - the calculated displacernent of .i- degree of
t}eedom of the structure. .r- the number of natural
frequencies values of which satisty the inequality
( ro, -{o^ , )l to^ >O.l , p - the number of -t loups of natural

frequencies. satistying the inequalit\ (ro, *ro* , )l ro, <0,1 .

s, - the nunrber of natural fi'equencies in every group.

When perfbrming the calculations in ANSYS [51.
rnaximal values clf clisplacements have been corlbined by
usin-e the ,umupin-u rnethod:

,  ( 1 0 )

The resulting values of stresses, displacements,
internal tbrces. vekrcities and accelerations are calculated
as usually:

P , : ( l t )

where Pi1 - the value of the parameter at the node (or in a
finite element).1, obtained by pertbrming calculations with
respect to i- direction of displacement of the support, P, -

the total value of this parameter.
The strength of the system and its elements is evalua-

ted by comparin-u calculated values of the nodal displace-
ments and stresses in elements with pennissible ones.

3. The dynamic analysis method

The dynamic analysis method is based on the
numerical inte-eration of structural dynamic equations in
time. In this case non-linearities of the structural behavior
can be easily evaluated.

When analyzin-u mechanical system under the seismic
loadin,s, the curves of alteration of the seismic acceleration
- accelero-erams - on constrained nodes present the actin-e
load. The response of structure to the such type of loadin-u
can be calculated on the basis of dynamic equation:

lMl{u } + 1c1{u} * [K] \u,( : l  wl: t"<rt:  (r2)
where {U}- vector of noclal aisptacements of structure,
IMl. LC) and [Kl - mass, damping and stiflhess matrices of
structure. lV ) - vector of nodal masses of structure, rr(t) -

the alteration of the seismic acceleration (accelero-eram) of
the tbundation, carrying the structure to be analyzed
(constrained nodes).

When performing dynamic analysis, the response of
structure is calculated directly. by decornposing the
accelerogram of dynamic loading into small steps,
calculating the response of structure to every of them and

adcling every response to the sunr of calculated befbre. The
rnain def iciency of such a way fir l evaluation of response
of tl.re lalge-scale stluctures to dynan.ric loading is the lar-re
anount of ir.rtirmration to be processed and time to perfornt
that processim-q, because the response of the structure not
only to une law of loading (rnoving of constrained nodes).
but to several synthesized accelerograrns must be
calculated in this case. due to impclssibil i ty to use

-generalized response spectrulns. To evaluate stren-eth of
stlucture the intbrrnation about stress-strain state within
every integration step must be taken into account. The only
possible way to nrininrize the antount of work to be done -
the considerable recluction of the number of de-rtrees of
tieedonr. however such a sinrplification of cornputational
rnodel rnakes ne-cative influence upon the plecision of
unr t lys is  in  r t tos l  cases.

4. The comparison of the results of computations of
response of the equipment of lgnalina NI'P to the
dynamic loading, obtained by using difTerent
methods of computations

The linear spectral rnethod in engineering
calculations is used firr" quite a long time, it is one of most
widespread analytical adjacent lnethods. With improving
and spreadin-u discrete lnethods and computers this method
is also used lbr investigating large-scale mechanical
systems with the large number clf de-qrees of tieedom. But
the results of such an analysis are to be considered only
approxirnate, qualitative due to characteristic f'etrtures of
this method. lbr example. summin-e the response to static
and dynarnic loading in absolute values. In addition, this
method rnay be used only for analyzing physically and

-ueometrically linear elastic structures.
These principles can be contirmed by cornputations

of drurn-separator of I,enalina NPP (Fi-e. l.) pertbrmed by
using tinite element analysis system ANSYS.5.6.3 [5]. The
loading considered was the combination of normal
operating conditions and maximum computational
earthquake (6.5 points by Richter's scale).

The direct results of computations using linear
spectral method are the fields of drum-separator nodal
displacernents. and afier supplementary computations -

corresponding lields of stresses. The displacement of
fixin,e point of drum-separator's side support along the
drum's longitudinal axis obtained in the way mentioned
above was 6l mm, i.e. exceeds allowable value, specified
in equipment documentat ion.

The fields of drum-separator nodal displacements and
stresses in structure's elements are obtained by direct
computations using dynamic analysis method. The curves
of response displacements of drum-separator's side support
are presented in tig. 2. It can be seen that maximum
response displacement of drum-separator's side support
fixing point along the drum's lon-uitudinal axis is 14,7 mm,
what is approximately 4 times smaller, than in case of
computations usin-u linear spectral method.

Noteworthy, that the first computation continued
about 1,5 hour, the second one - approximately 150 hours,
in addition, the second computation was perfbrmed on
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personal cornputer, with 4 times taster main processor and
4 times larger RAM cornparatively to first conrputation.
Therefbre dynarnic analysis rnethod may be used to
evaluate the response of large scale mechanical systems to
dynamic loading only when having a possibility to use
powerf'ul enough hardware and software.

5. Conclusions

The linear spectral rnethod suits bettel to reveal the
weak eler.nents of mechanical svstems with larue number

J
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