Resonant Frequencies of a Column

 Subjected to Axial Compression
Michael J. Kozak
Purdue University
College of Technology
Richmond, IN 47374
kozakm@purdue.edu

Keywords

Buckling, frequency, Euler, response.
Prerequisite Knowledge

Students should be familiar with the phenomena of buckling and frequency response.  

Objective

The objective is to determine the frequency response of a column while undergoing compressive forces.
Equipment and Materials

Universal test machine (UTM), accelerometer, data acquisition unit, frequency analyzer.
Introduction

The frequency response of a long column subjected to an axially compressive load was investigated.  The experimental results are then compared to the predicted theoretical response based on Euler’s buckling formula.  How well did experimental results follow the accepted theory?

Procedure
A column was loaded in a universal test machine (Fig. 1) and subjected to increasing axial compressive loads till buckling occurred.  Data was collected at each increase in load.  The column, which was a 6.35mm (0.25 inch) diameter, 508mm (20.0 inch) long soft steel rod, had rounded ends and was mounted in hemispherical end cups which were oiled to help simulate the frictionless assumption inherent in pinned end conditions (Fig. 2).  An accelerometer was mounted on the rod to provide vibration data (Fig. 3).  The accelerometer was placed on the lower portion of the rod in an attempt to minimize the influence of the added mass of the accelerometer on the frequency response of the rod.  The axial load was increased slowly and the rod was excited with a tap from the end of a hammer (Fig. 4) at discreet intervals. The accelerometer signal was received by a handheld USB data acquisition device.  
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Fig. 1:  Test set-up



Fig. 2:  End of rod in oiled cup
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Fig. 3:  Accelerometer mounted on rod
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Fig. 4:  Hammer used for excitation
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Fig. 5:  Frequency response of round rod in axial compression

Comments
Equations concerning buckling
The Euler formula predicts the critical buckling load, Pcr , for a long column with pinned ends as1
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where L is the column length, I is the area moment of inertia of the cross section, and E is the modulus of elasticity of the material.
The fundamental frequency of a column in axial compression is predicted by 2
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Results 
The experimental results seemed to track the predicted frequency response fairly well (Fig. 5).  An interesting result is the apparent bifurcation of the experimental frequency response at the loads above 550 newtons.  It seems that there are two different modes of vibration at the higher loading conditions.  This could possibly be due to the rod vibrating in different axis when viewed from above.  The rod may be tending to arch in one axis and may become stiffer in that axis due to the inherent stiffness of the arch3 and therefore result in higher resonant frequencies in that axis as the loading and arching increase. The orthogonal axis may not be influenced by the arching and the resonant frequencies in this axis continue to decrease in frequency as the loading is further increased.  The bifurcation of the response curve was not predicted by the resonant frequency equation.  The author found it intriguing that what would seem to be a simple experiment would provide such unanticipated results.
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