Npex Dynamic Analysis Example 2
Projectile Impact at Midspan of Linear Beam

started 24 Feb 2009

1 Problem Descrpition

A pipe of length L = 20m, mass per unit length ( = 100kg/m, and flexural stiffness EI = 2.6e7 N m2 , simply supported and axially unrestrained at both ends is subject to implact at midspan of a mass M = ?, at a normal velocity of  v0 = 3m/s.  Locally the energy of the impact (if any) is assumed to be fully absorbed.  The beam is assumed to remain linearly elastic and its dynamic response is to be determined.

2 Model Description

The beam is modeled with nelmt18, but its mass per unit length is modeled with nelmt31.   The impacting mass M is also modeled with nelmt31.  The mass M is added to the midspan node, which is given an initial momentum equal to that of the impining mass M.  This means that the initial velocity of the midspan node is determined from

vinitial =  M v0 / (M + m)

where 

m = ( Le
is the lumped nodal mass associated included to the the distributed mass ( of the beam, and Le denotes the length of the elements.  The beam is divided into 100 elements of equal length, so that Le=L/100, but symmetry is exploited so only half the beam is modeled, between midspan at x=0 and one of the simply supported ends at x=L/2, and only 50 elements are used.

Dummy nodes 1 and 53 are included, at midspan and the end, respectively.  These have all degrees of freedom fixed.  Their only function is for the calculation of the tributary element lengths for the nelmt31 elements that represent the mass of the beam.

The beam element used includes geometrically nonlinear effects based on the theory of moderately large deflections, but by leaving the beam axially unrestrained, and including only the transverse inertia effects, the same results as for a linear eleastic beam are expected, and the results are also expected to be independent of the axial rigidity EA used in the analysis.

The input files are 

· DynEx2.in1
for (t=0.01s, and

· DynEx2.in2
for (t = 0.001s

where (t denotes the time step for numerical integration.

3 Results

The results shown below have been calculated for ( = - 0.05 and (t = 0.01s  (in pink) and (t=0.001s (in dark blue).   The file of results in DynEx2.xls.
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It can be seen that the deflection at midspan involves mostly first mode response, and (t=0.01s gives already reasonably accurate results, the rotation at the end involves more higher mode contributions, and finally the bending moment at midspan involves the most higher mode contributions, which appear to be not well resolved.  

Indeed it would seem that at midspan the local deformations upon impact would be governed by shear, rather than bending.  Shear is included in the model, but in reality other local deformation and energy absorption mechanisms play a role that are not included in this model.

4 Conclusions

The results look reasonable, but no simple analytical solution is available for comparison to check how accurate it is.  Indeed it may well be that this problem is ill-posed for a beam without shear deformations.

Considering a small region near the impact point where shear deformations initially govern.  The shear wave velocity is 2148 m/s, and the force initially resisting the impinging mass would be 1.29 MN (see DynEx2.xls for details).

5 Modal Analysis for Beam

Modeshapes:

(n(x) =  cos( n ( x/L)   for n=1,3,5,...,  -L/2 ( x ( L/2

Modal masses:  

mn 
= (  ( (n2 dx  =  ( L/2

Modal Stiffness:

kn
=  (  EI  (n’’2  dx  





=   EI   (n ( / L)4  L/2

Applied Load:

q(x,t)
=  ((x)  f(t)

Modal Participation factors:    (n  = 1/mn  =  2/(( L)

Modal Frequency:
(n
=   (kn / mn )1/2  =   (EI/()1/2 (n ( / L)2 

Consider Implulse Loading:     f(t)  =  ((t)
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