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Streszczenie. Autorzy pracy przedstawili ogólny algorytm dotyczący analizy 
zagadnień dynamicznych p ręta  cienkościennego o zmiennym przekroju i otwartym 
profilu dla dowolnych warunków początkowo-brzegowych.

FO R C E D  VIBRATIONS O F TH IN -W A LLED  BARS 
O F O PEN  CROSS-SECTION

Summary. T he authors of this paper have m ade an attem pt to elaborate  a 
generalized algorithm relating to the analysis of dynamic problems of a thin- 
walled bar of variable cross-section for any initial and boundary conditions.
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1. IN T R O D U C TIO N

T her are  many technical problem s such as steel constructions, supporting structures 
of working m achnes [1] hulls of ships [2] and specjal purpose vechicles [3] for which 
stereom echanical calculations are m ade when basing the consideration on the m odel of 
a thin-walled bar of open cross-section.

T he theory of thin-walled bars evolwed by W agner [4] then ordered and generalized 
by W lasow [5] finds at p resent a wide application and is referred  to  in num erous items 
of bibliography.
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From  a review of papers concerning the theory it appears that the solutions which have 
been presen ted  hitherto  cover usually bars with certain specific geom etric features [6] or 
solutions utilizing num erical m ethods [7].

The application of numerical methods (FEM , BEM  etc.) involves some problem s 
relating to  convergence and labour dem and of calculations which can be considerably 
limited in consequence of using the solution in a "quasi closed" form.

Taking the above into account the authors of this peper have m ade an a ttem pt to 
elaborate  of this paper have m ade an attem pt to elaborate a generalized algorithm 
relating to the analysis o f dynamic of a thin-walled bar of variable cross-section for any 
initial and boundary conditions.

The problem  has been solved when using the m ethod of transfer matrix and of 
expansion o f displacem ent functions n(x,t), i(x ,t), <p(x,t) to a generalized Fourier series
[8] of eigenfunctions.

Form s o f eigenfunctions as presented in the paper [9] have been determ ined under 
application o f a m ethod for their expansion into power series.

2. A LG O R IT H M  O F CALCULATIONS

Let as consider a bar of constant cross-section to which a constant force P acting 
centrally as well as varying load qy(x,t), qz(x,t), m(x,t) are applied. Then differential 
equations describing forced vibrations and expressed in a matrix form have the fallowing 
form:
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where:

X(x,t) = l(x ,t)  <p(x,i)] ,

Q(x,l) = [qy (x,t) qz (x,t) m{x,t)]T ,
(2)
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The solution of the equation (1) is a sum of the general integral Xw(x,t) for Q = 0  and 
of the particular integral which in the continuation of the paper will be designated as
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X(x,t). D eterm ining of the function Xw(x,t) which defines eigenfunctions of free 
vibrations. Form s of these functions determ ined in the paper [9] will be the basis for 
determ ining of the particular integral X(x,t). As a results of solving the problem  of free 
vibrations (hom ogeneous equation) a series of eigenfunctions will be obtained which we 
designate as X n(x).

In o rder to  find the particular integral of the equation (1) we shall use a form  of the 
generalized F ourier series [8].

00

X(x,t)  = £  Tn (i)Xn (x) ,
n =1 (4)

00

efro = E  Tnm n(x ),
n =i

where: T n(t) - coefficent of decomposition of the displacem ent state to the generalized 
Fourier series
T n(t) - coefficents of decompositions of the load state to the generalized Fourier 
series determ ined by the relationship:

b
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By substituting the relationnships (4) in the equation (1) we obtain:
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We shall m ake use of the ortogonality of eigenfunctions and determ ine initial conditions 
as fallows:

X(x,t)  | i=0 = X ° ( x )  ^ M \ [=Q = X V° (x )  . (8)
dt

W hen being expanded into the generalized Fourier series they will take the form:
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^ ^ v
Tn (0) = ¡X °(x )  O X n(x)dx Tn = j X V°(x) O X n (x)dx ,  (9)
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where:

X °(x) = [-°(x) ? { x )  v°(x)}T  (10)
vn  vn  vn  vn  T

X  °(x) = [» °(x) I  (x) <p °(x )]J

Having been ordered with respect to functions T n(t) the equation (6) is as fsllows: 
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As a result of orthogonalization of the equation (10) in relation to orthonorm al 
eigenfunctions X k(x) we obtaine the G alerkin’s equations:
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Coefficients o f the equation (11) determ ine integral expression by m eans of 
eigenfunctions described by quick convergent power series.

Throught solving of the system of differential equations (11) we determ ine values of 
the function T n(t) and thus basing on the relationship (3) the displacem ent functions 
X(x,t) which are to be found.
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Streszczenie

W pracy przedstaw iono ogólny algorytm dotyczący analizy zagadnień dynamicznych 
pręta cienkościennego o zmiennym przekroju i otwartym profilu dla dowolnych warunków 
początkowo brzegowych.

R ozwiązanie problem u wykorzystuje m etodę macierzy przeniesienia i rozwinięcia funkcji 
przem ieszczeń n(x,t), £(x,t), <p(x,t) w uogólniony szereg Fouriera funkcji własnych.

Rozważa się p rę t obciążony stałą siłą działającą centralnie i zmiennym obciążeniem 
q (x,t), qz(x,t), m(x,t). Rozwiązanie równania opisującego drgania wymuszone jest sumą 
całki ogólnej Xw(x,t) dla Q = 0  i całki szczególnej X(x,t). Funkcję Xw(x,t) określającą 
funkcje własne wyznacza się na podstawie rozwiązania zagadnienia drgań swobodnych [9], 
Postacie tych funkcji stanowią podstawę do określenia całki szczególnej X(x,t), której 
poszukuje się w postaci uogólnionego szeregu Fouriera.


