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The linearity is a simplifying assumption in most vibration problems of real mechanical systems which 
may lead to a considerable error in predicting the system dynamic response. Determining a suitable 
mathematical model for a nonlinear vibrating system is an important step in order to analyze the 
structural dynamics behavior efficiently. When the amplitude of vibration is large, the system is said to 
be geometrically nonlinear. In this paper, the nonlinear identification of a cantilever slender beam 
undergoing large amplitude free vibration has been investigated. Because of no excitation force in this 
situation and lack of information about its response, the existing identification methods are not efficient. 
In present research a new approach based on optimum correction factor of terms having uncertainty is 
used and identification has been done  using nonlinear free vibration decay. In order to solve the 
geometrical and inertial nonlinear terms, the method of modified differential transform according to 
Padé approximation was used and resonant frequency determined. Also, the resonant frequency of 
nonlinear system is calculated by generalized variational iteration method and compared with the 
obtained frequency from the modified differential transform method. Comparison of the current results 
with those of 4th order Runge-Kutta technique shows good agreement of the two approaches. Finally, 
obtained results compared with the experimental results showed good accuracy in identifying models 
for nonlinear beam.  
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Fig. 1 Schematic of beam with large deflection 
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Table  1 Some basic transformation rules of the differential 
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Table 2 Constants values of Eq. (7) 

   

c1 0.2182 kg/m 
c2 26.5507 kg/m 
c3 0.0922 1/ms 
c4 343.5951 Nm2 

c540796.6604 Nm2 
 

  
Fig.  2 The  comparisons  of  the  time  responses  of  4th order 
Runge–Kutta and differential transform method 
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Fig.  3 The  time  responses  (4th order Runge–Kutta (solid line), 
modified differential transform method (dashed line padé [3/3] 
and circle padé [4/4]) 
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Fig. 5 Variations of nonlinear to linear resonant frequency ratio 
to the c2 
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Fig. 6 Variations of nonlinear to linear resonant frequency ratio 
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Fig. 7 FFT of linear time history 
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Fig. 8 Test set-up (beam with initial displacement) 
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Table 4 The obtained parameters from the linear test 
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Fig.  9 Beam tip acceleration time response (initial nonlinear 
model - 222 gr mass) 
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Fig. 10 Beam tip acceleration time response (the identified 
nonlinear model - 222 gr mass) 
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Fig. 11 Beam tip acceleration time response (initial nonlinear 
model - 37 gr mass) 
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Fig. 12 Beam tip acceleration time response (the identified 
nonlinear model - 37 gr mass) 
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Table 5 The identified nonlinear parameter 
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Fig. 13 Beam tip acceleration time response (initial nonlinear 
model - 148 gr mass) 
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Fig. 14 Beam tip acceleration time response (the identified 
nonlinear model - 148 gr mass) 
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Fig. A1 The free-body diagram of nonlinear Euler-Bernoulli 
beam element 
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