
 

24th International Conference  
ENGINEERING MECHANICS 2018 

Svratka, Czech Republic, 14 – 17 May 2018 

INFLUENCE OF ROTATIONAL STIFFNESS OF SUPPORT OF A 
PARTIALLY TENSIONED COLUMN ON ITS FREE VIBRATIONS   
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Abstract:  In this paper the theoretical and numerical studies on transversal vibrations of partially 
tensioned column are presented. The discussed structure corresponds to the screw drive system which is used 
in cranes. The formulated boundary problem allows one to calculate the vibration frequency. In this 
manuscript only an influence of the rotational stiffness of the support on linear component of vibration 
frequency is discussed. Moreover the differential equation and boundary condition are given to present the 
behavior of the structure at linear vibrations. The results of numerical simulations are concern on linear 
component of vibrations in relation to the location of external load application and different rotational 
stiffness of the support. 
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1. Introduction 

In the design process of slender systems (columns (Kounadis 1981, 1983, Ryu et al., 2000, Sundararajan, 
1976)) which are subjected to the axial loads it is important to verify the dynamical properties such as 
vibration frequency which highly depends on many parameters of the structure. In many cases such 
systems are exposed to excitations causing an increase in amplitude of vibration above the safe level. 
Amplitude of transversal vibrations contributes directly to the destruction of the system due to material 
fatigue. During such vibrations the temporary exceeding of stress above the limit of fatigue takes place 
but in long term exploitation it can have very serious consequences. The destruction of the slender system 
may contribute to economic losses as well as to the loss of health and even lives of people directly related 
to this type of structures. The mentioned hazards are present because slender systems are components of 
support structures (columns (Tomski, 1985, Tomski and Uzny, 2008, Uzny, 2011, Uzny and Sokół, 2015, 
Sokół, 2014, Sokół and Uzny, 2016)) and cranes (actuators (Uzny et al., 2017, Sochacki and Tomski, 
1999)). For this reason, structures are examined in terms of the shape of characteristic curves, i.e. curves 
determining the relationship between the magnitude of the load and the natural vibration frequency 
(comp. Tomski and Uzny, 2008). In the literature one can find characteristic curves, which correspond to 
various cases of conservative load - considered in this work. The most classic shape has a divergence 
curve, which is associated with the Euler load (during the deflection of the system the line of action of the 
force does not change). In this case, the natural frequency decreases with increasing load (comp. Uzny, 
2011). Another type of characteristic curve is a divergence - pseudoflatter one (associated with Tomski’s 
load – comp. Tomski and Uzny, 2008). In this case, the natural frequency can both increase as well as 
decrease with the load (the relation depends on the load parameters). By means of Tomski's load it is 
possible to control the dynamic properties of slender systems without changing the main elements of the 
structure. Systems in which vibrations can be generated by the system itself (self-excited vibrations) are 
the drive systems such as screw-nut drive ones. Screw mechanisms are used in elevator systems (personal 
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or cargo lifts). In this type of construction, screws are subjected to an axial load affecting the frequency of 
natural vibrations. On the natural vibration frequency affects not only the load value but also the place of 
its application. In papers Uzny et al. (2016a, 206b), Uzny and Osadnik (2017b) an investigations in 
natural frequency magnitude in relation to the load magnitude (compression of one part and tension of the 
other) and location were done. An important element of the research was to determine the stability of the 
screw as a slender system (see Uzny and Osadnik, 2017a). In publications Uzny et al. (2016b) and Uzny 
and Osadnik (2017b) an influence of the vibration amplitude on vibration frequency has been calculated. 
The partially tensioned systems were considered as fixed on both ends columns (Uzny et al., 2016b) and 
as longitudinal elastic supports columns (Uzny and Osadnik, 2017b) (an influence of translational 
longitudinal stiffness placed on one end on natural linear and nonlinear vibrations). On the basis of the 
performed studies it has been stated that the vibration frequency is related to the location of external load 
as well as to the stiffness of the used elastic elements in the supports. 

The main scope of this study is to investigate an influence of the rotational stiffness of the support on 
basic vibration frequency which does not depend on amplitude. 

2. Boundary problem  

The discussed boundary problem is given in figure 1. The partially tensioned column models the structure 
composed of screw and nut which is loaded with external force P. The mathematical model consists of 
two rods (marked with indexes 1 and 2) of length l1 and l2 with equal stiffness. In the point of connection 
of rods the nut is paced (point O) which is loaded with the force P (constant line of action). Additionally 
the translational springs are introduced (stiffness k0 and k1) located along the axis of the column and 
rotational springs (stiffness C0 and C1). Springs are marked as 0 and 1, where 0 stand for x1 = 0 while 1 
refers to x2 = l2. Springs are used to limit the longitudinal displacements as well as rotations on both ends. 

 
Fig. 1: Physical model of investigated system. 

In this paper only the differential equations and corresponding boundary conditions on the basis of which 
the linear component of vibration frequency can be calculated are presented. The discussion is limited to 
the first vibration frequency, which has great importance at resonance. The further vibration frequencies 
have great magnitudes. That is why they are omitted in this paper. 

The differential equations of motion in transversal direction and equations of longitudinal ones are as 
follows (using the method of separation of variables and Bernoulli-Euler beam theory): 
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where: Ui1(xi), Wi1(xi) – longitudinal displacement caused by external force and transversal displacements 
during vibrations, roman numerals stand for row of the derivative with respect to variable xi; Si0 is an 
internal force in i-th rod; (rA)i, (EJ)i, (EA)i – mass per length unit, bending stiffness, compression 
stiffness respectively ((rA)1 = (rA)2; (EJ)1 = (EJ)2; (EA)1 = (EA)2); w0 – basic component of natural 
frequency of transversal vibration. 

The boundary conditions are given in the form: 

 ( ) ( ) 00 22010 == lWW ; ( ) ( )020110 UlU = ; ( ) ( )020110 WlW = ; ( ) ( )020110
II WlW = ; ( ) ( ) ( ) 000 100101 =- III WCWEJ  

( ) ( ) ( ) ( ) 002021101 =+- IIII WEJlWEJ ;  ( ) ( ) ( ) ( ) ( ) ( ) 000 2020110102021101 =-+- IIIIIIII WSlWSWEJlWEJ  

 ( ) ( ) ( ) 022012202 =-- lWClWEJ III ; 02010 =-- PSS ; ( ) 0220120 =- lUkS ; ( ) 0010010 =- UkS  (2a-h) 

The solution of the differential equations (1a) supplemented with boundary conditions leads to estimation 
of basic component of natural frequency in case of transversal vibration. 

3. Results of numerical simulations 

The results of numerical calculations are presented in the non-dimensional form by means of the 
following parameters: 
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Fig. 2: The relationship between linear component of the free vibration frequency W0 and external load 

application point  

In the figure 2 the change in linear component of vibration frequency in relation to the z parameter which 
shows the location of the point of application of external load (location of the nut) is plotted. Calculations 
were performed at the same support conditions x1 = 0 and x2 = l2 (k0 = k1; c0 = c1). In simulations it has 
been assumed that translational stiffness is k0 = k1 = 1000, external load magnitude l = 10 (figure 2a) and 
l = 50 (figure 2b) and rotational stiffness c0 = c1 = 0; 2; 10; 25; 50; 150; 1/c1 = 0. On the basis of the 
performed simulations it has been shown that the rotational stiffness has great influence on the magnitude 
of vibration frequency. At given rotational stiffness the vibration frequency changes in relation to the 
location of the external force application point. The greater the rotational stiffness the greater difference 
in vibration magnitude at different locations of the nut can be observed. Similar effect has the magnitude 
of the external load – the greater the load the greater difference in vibration frequency. 
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4.  Conclusions 

In this study an influence of the rotational stiffness of the support of both ends on vibrations of screw 
drive system are presented. Only the linear component of vibrations is discussed which is independent 
from amplitude of vibrations. The great influence of rotational stiffness on linear component of vibrations 
at different locations of external load application and magnitude has been found. An increase in external 
load magnitude results in more dynamic response of the investigated parameter. The results of this study 
can be applied during the design of the drive units of cranes. The studies can be continued when 
additional parameters which have an influence on the stability of the structure will be introduced into the 
mathematical model. In the future research an influence of amplitude on vibration frequency at different 
rotational stiffness of the support will be discussed. 
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