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Abstract. The paper deals with the analysis of the influence of boundary conditions on the 

dynamic properties of a mechanical system. The steel bar is fixed in one place so that it is 

inserted under the hydraulic press. The pressure force in the press changes and models the 

imperfect fixation of the bar. The effect of bond imperfection is evaluated based on rod 

vibration analysis. This problem is solved computationally, by FEM and the results are 

compared with experimental measurement. 

1. Introduction 

Sometimes the problem is solved: The computational model was prepared and verified by experiment. 

This procedure can be understood to have verified the model's accuracy by experiment. The judge to 

determine the correctness of the calculation model is an experiment. The results of the experiment are 

considered critical in this procedure. However, another problem can be solved when we verify the 

results of the experiment with a computational model. This approach may lead to the notion that either 

the experiment or the calculation procedure becomes infallible in this assessment, or that one 

procedure is superior to the other. It is more correct to talk about the results obtained from the 

experiment and the model, because the experiment and the model may not be exactly the same in their 

assumptions and procedures and thus may not give the same values, even if these procedures are 

considered correct. 

When solving dynamics tasks, more precisely vibrations, we often encounter that the calculated 

natural frequencies [1, 2] of the analyzed object are different from those determined by the experiment 

[3]. If the problem is boundary condition [4–8], then the explanation may be that in the computational 

model the boundary condition prevents any displacement and rotation until the condition is fully 

satisfied in the experimental model. Then, the computational model with such boundary conditions 

appears to be a model with a higher stiffness than the test object used in the experiment and the natural 

frequencies determined by the computation are higher. 

Another reason may be that the real model will have very small but non-zero damping [9–10], 

while the computational model is often a non-damping model. On the other hand, the presence of 

damping reduces the natural frequency. Neglect of damping is often associated with ignorance of the 

damping value for the calculation model and also because of the required simplicity of the model. 

The article will deal with the determination of the 1st resonance frequency (based on the 

experiment) and the 1st natural frequency for this rod (based on calculation) for a cantilever steel 
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beam. In the experiment, the beam was fixed at one end in a hydraulic manual press. The press 

simulated a different force in the fixed end and the first resonant frequency was determined for these 

forces [11–13]. Subsequently, a numerical model was created in the AnsysWorkbench, when different 

boundary conditions were simulated by different great forces in this fixed end. The first natural 

frequency was determined by computational modal analysis. The measured and calculated values of 

these frequencies were compared [14–18]. 

2. The experiment, determination of the first resonant frequency 

The steel test beam of rectangular cross section 5 × 20 mm length 490 mm of material EN: S235JRG1, 

STN 11373 was used. A force sensor was placed on one end of the bar and the bar together with the 

sensor was placed on the frame of the hydraulic hand press. A hydraulic piston pressed the force 

sensor (figure 1). The beam so fastened was stimulated and its response of its unloaded part was 

measured. 

 

 

Figure 1. Experimental set-up, test rod - cantilever beam, force acting on fixed end. 

 
Initially, the impulse hammer excitation used in experimental modal analysis was used. However, at 

low values of the pressure forces exerted by the hydraulic press, this excitation method was not 

suitable. If a higher force impact was performed, then the rod bearing was unstable, the test object was 

displaced and its unloaded length changed. This was the reason why this method of stimulation was 

rejected. It should be noted, however, that the use of a modal hammer will provide a pulsed force 

signal and classical experimental modal analysis tools may be used. 

In practice, a bump test is used to estimate resonant frequencies. In this test, an impact of a suitable 

body on the test object is useful as stimulus. Impact is considered a pulse load (this input signal is not 

measured) and the resonance frequencies are estimated based on peaks in the output signal spectrum. 

The beam was sufficiently stimulated even with a light impulse from the experimenter's finger. 

However, we considered this procedure to be very subjective and we did not use it for further 

measurements. 

On the basis of measurements when looking for an excitation source, when the beam was 

stimulated by a pulse hammer and a finger, a resonance frequency was detected at around 20 Hz. 

More significant vibration of the test object occurred also during the transfer of energy from the 

vibration source near the test object to this test object. A test stand for long-term fatigue tests was 

located around the test beam. This stand was a source of vibrations from which energy was transmitted 

to the frame of a hand press with a dominant peak at 25 Hz. This vibration source was capable to 

excite the beam and this fatigue capability was used in the tests. Let us specify that not only the 25 Hz 

harmonic component but also the harmonics were transferred to the press frame. The presence of 

harmonic components presents the occurrence of mechanical looseness on the fatigue test stand.  
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The 𝐹𝐿𝑂𝐴𝐷 fixed end force was measured with a DAKO S-60 strain gauge force sensor at range 

±60 kN. The test device is shown in figure 2.  

The response of the object to stimulation by the vibration source was measured by Polytec PDV100 

laser vibrometer, i.e. the vibration velocity was measured. The cDAQ National Instrument measuring 

system with NI 9234 and NI USB 9237 modules located in chassis 9178 as well as SW LabVIEW, 

NI Signal Express was used to measure pressure force and vibration velocity. 

 

Figure 2. Testing equipment: manual press, tested beam, force sensor, 

laser Doplervibrometer. 

 

Because there was also a rare excitation of resonant frequencies in the range of 200–300 Hz and the 

source of the resonance unknown in this range, the measured signal was filtered by a narrow-pass 

filter in the range 15–21 Hz. To determine the resonant frequency, the filtered signal was input to the 

SW module of the THD calculation (Total Harmonic Distortion, it is measure the amplitudes of the 

harmonic system to the amplitude of the fundamental frequency), whose output parameter is also the 

fundamental frequency. This frequency is the first resonance frequency to be searched for 𝑓𝑅1. The 

sampling rate for measuring force and vibration speed was 1 kHz, the measurement time at the 

selected load level was 8 s. 

The output of the experimental part was the relationship between the compressive force and the 

first resonant frequency in figure 3, Eq. (1): 

 

 𝑓𝑅1 = 𝑓(𝐹𝐿𝑂𝐴𝐷). (1) 

In figure 3 shows the resonance frequency values 𝑓𝑅1 (red cross) for various pressure values. 430 

data were used for processing. Regression dependence, Eq. (2), was determined for the following data 

and its parameters 𝑎, 𝑏and determination coefficient 𝑅2 were also determined: 

 𝑓𝑅1 = 𝑎 𝐹𝐿𝑂𝐴𝐷
𝑏 (2) 

 𝑎 = 18.71,     𝑏 = 6.78 · 10−3,     𝑅2 = 0.958. (3) 

The prediction interval (95 %) for the dependence (2) is shown by the dashed line in figure 3. The 

uncertainty in the force measurement was ΔF = ±0.5 % and ±250 N respectively. Based on the high 

value of the coefficient of determination, the regression model (2, 3) was accepted. 
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Figure 3. Experimental results, regression curve, boundary of prediction 

interval wit probability 0.95. 

3. The FEM model, determination of the first natural frequency. 

Solid 185 linear elements were used in the computational model. Boundary condition (fixed support) 

was applied to the bottom of the top pad and to the top of the bottom pad, translation:  

 𝑢𝑥 = 𝑢𝑧 = 0,  𝑢𝑦0. (4) 

A contact between pads and beam (Contact Bodies / Target Bodies), type of contact "Rough" has been 

defined. The compressive force load was applied using the boundary condition "Bolt Pretension". 

Values E = 200 MPa (Young's modulus), density ρ = 7850 kg m–3 and free bar length l = 450 mm were 

input data for calculation, these data corresponded to material: steel STN 11 373 and EN S235JRG1 

respectively. The input data were obtained from the rod manufacturer's technical specifications. 

However, it should be noted that these input data have a non-zero variance, which should be taken into 

account when comparing the results from the experiment and the computational model. 

A model for computational analysis is shown in figure 4. The output of the calculation was the 

dependence of the first natural frequency 𝑓𝑁1 on the force (Eq. (5)). This dependence will be presented 

and discussed in the next chapter. 

 𝑓𝑁1 = 𝑓(𝐹𝐿𝑂𝐴𝐷). (5) 

 

Figure 4. Computational model, upper brown block replaces upper pad 

and force sensor, lower green block replaces lower pad. 

 

https://en.wikipedia.org/wiki/Young%27s_modulus
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4. Comparison of results 

In figure 5 shows a comparison of computational simulation results and experiment. The following 

conclusions for comparison and explanation were made. 

The data from the experiment was replaced with 𝑓𝑅1 by the regression dependence of 

"RegressionY" in figure 5. For input nominal data E = 200 MPa, l, and 𝐹𝐿𝑂𝐴𝐷 were determined by 

modal analysis 𝑓𝑁1. 

Material data of the beam used was selected as nominal data from material sheets. The actual beam 

may have other parameters within the declared variance. Figure 5 also shows the dependence of the 

natural frequency on the load force for E = 204 MPa, which is 2 % higher than the nominal. The 

regression dependence is then limited and the boundaries of this region are the points or natural 

frequencies calculated for the nominal value of the Young’s modulus and the modulus increased by 2 %. 

Both dependencies are increasing but the regression dependence frequency increases faster for 

higher force values than the calculated frequency.  

The calculated frequency-force dependencies were not replaced by the curve. The waveform is the 

result of solving a non-linear contact problem. 

 

 

Figure 5. Comparison of regression dependence from experiment and FEM 

results for different values of Young's modulus. 

 
The deviation 𝑓𝑁1 for the given values of the modulus of elasticity E = 200 MPa and E = 204 MPa 

from 𝑓𝑅1 is shown in figure 6. The deviation 𝑓𝑁1 from 𝑓𝑅1 does not exceed 1.3 %. 

The deviation 𝑓𝑁1 for the given values of the modulus of elasticity E = 200 MPa and E = 204 MPa 

from 𝑓𝑅1 is shown in figure 6. The deviation 𝑓𝑁1 from 𝑓𝑅1 does not exceed 1.3 %. The bandwidth of 

the calculated frequencies that covers 𝑓𝑁1 is approximately 1 %. 

Similar calculations can be performed for changed values ρ and l. If ∆ρ = ±2.5 %, then  

Δ𝑓𝑁1 = ±1.3 % and if ∆l = ±10%, then Δ𝑓𝑁1= ±0.5 %. The band width for ∆E, ∆ρ, ∆l then reaches 

approximately ±3 % and this band covers the Δ𝑓𝑅1 values determined by the experimenton. Possible 

changes in beam length were considered, because at low forces the rod could shift and the 

experimenter could not observe this. 

On the basis of the above, it was concluded that the regression curve covered by the interval of 

calculated values and the authors of the article should be satisfied with the approximation found. 

However, the regression curve has a different slope (the first derivative) than the boundary curves and 

therefore we consider it necessary to consider the correction of the computational model.  
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Figure 6. Comparing the deviation of the calculated frequency values for 

the different Young module values from the measured frequency value. 
 

5. Conclusion 

The paper presents a method of modeling the boundary condition of an oscillating rod in a vertical 

plane, when the real contact of the horizontal bar allows displacements in its contact in the horizontal 

direction. The appropriate FEM model was built. Within the analyzed tolerances in the input 

parameters, a very good agreement was reached between the computational model used and the 

experiment. The maximum deviation of the calculated natural frequencies from the experimentally 

determined resonant frequencies does not exceed 3 %. 

However, it should be noted that the damping was neglected in the above calculation model. In 

addition, the slope of the regression curve used is different than the slope of the calculated natural 

frequencies on the force at impact. This fact should be further analysed. 

Material input data were not verified by a separate experiment in the solution, but data 

corresponding to the used material standard were used. If the input parameters verified by a separate 

experiment were used, the percentage deviations could change. Therefore, consider the data presented 

in the article as an estimate using nominal input data. 
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