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Free vibration analysis of cracked rotating multi-span Timoshenko beam is studied in this
article to determine the natural frequencies and mode shapes of this beam. First, the relationships
between each two segments are obtained by considering the compatibility requirements in the
frame angles and in the cracks. To determine the transformed compatibility requirements, the
boundary conditions, and the vibrational equations, the so-called differential transform method
(DTM) is used. Then, these equations are performed to determine the natural frequencies. The
mode shapes of the beam are determined by using the inverse of differential transform method.
The results have been validated against those obtained from Abaqus software for rotating multi-
span beam and the ones obtained from transfer matrix method for non-rotating case in which an
appropriate agreement is observed. Finally, the effects of the angle of break, the rotational speed,
and the crack location on the natural frequencies are investigated. It is shown that the natural
frequencies will be increased by increasing the rotational speed. Also, it is seen that the first
natural frequency will be increased by moving the crack location from the cantilever support to
free support and the variations of other frequencies are dependent on the crack distance to the
vibrational nodes. The validation results show the accuracy of DTM in the process of studying the
free vibration of this problem.
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            135                                 76/3                     09/17                      49/56                     17/112                   25/161  

                                             78/3                     13/17                      44/56                     21/112                   22/161  
  

                                          59/3                     91/17                      57/56                    69/108                    57/161  
           150                                    61/3                     99/17                      61/56                    77/108                    56/161  

                                          65/3                     93/17                     59/56                    71/108                    59/161  
  

0                                        54/3                     58/20                      81/56                     41/106                    87/161  
           165                                     53/3                     63/20                      86/56                     33/106                    89/161  

                                             57/3                     59/20                      79/56                     39/106                    86/161  
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           150                          69/3                     21/19                     79/56                     12/109                    67/161              
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1         165                          63/3                     71/20                     14/57                     54/106                    97/161   
                                                      69/3                     80/20                     04/57                     50/106                    99/161  
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           135                         77/4                     20/19                     70/58                     69/114                     23/162  
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           150                        72/4                  72/20                     40/58                     59/110                    47/162  
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3         165                        71/4                    10/22                     14/58                     63/107                     83/162  
                                                   77/4                     04/22                     17/58                    61/107                     81/162  

           180                        77/4                    53/22                     16/58                     37/106                     93/162  
                                                    77/4                    50/22                     11/58                     46/106                     93/162   

    

           135                        43/6                     80/21                      55/60                     28/116                     95/163  
                                                  39/6                     86/21                     62/60                    22/116                    97/163  

           150                       41/6                     15/23                      21/60                     21/112                     23/164  
                                                    39/6                     22/23                      25/60                     19/112                     20/164  

5         165                        47/6                     04/24                      12/60                     25/109                     49/164  
                                                    39/6                     16/24                      05/60                     29/109                     46/164  

          180                       42/6                     43/24                     91/59                    34/108                     56/164  
                                                   39/6                     49/24                      99/59                     23/108                     56/164  
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            06/0                       53/3                     75/16                      14/53                      84/104                  72/160  

                                            49/3                     83/16                       18/53                      88/104                  74/160  
                                                     47/3                    83/16                       18/53                      89/104                   75/160  

  
   0      12/0                        62/3                     53/14                      71/55                       47/109                   92/159  

                                             63/3                     58/14                      73/55                       51/109                   95/159  
                                                     61/3                     59/14                      76/55                       54/109                   90/159  

  
          18/0                         75/3                     44/16                      56/51                       82/105                   45/160  

                                             74/3                     49/16                      59/51                       89/105                  49/160    
                                                     71/3                     53/16                      57/51                       88/105                  47/160  

          06/0                         56/3                     19/17          59/53                      57/105                    85/160                                                                                                                  
                                                     59/3                     11/17                       65/53                      50/105                    82/160  

  1      12/0                         74/3                     83/14                       04/56                      71/109                    99/159                
                                                     72/3                     92/14                       09/56                      78/109                    96/159  

         18 /0                        84/3                     73/16                       86/51                      39/106                    61/160   
                                                     81/3                     79/16                       91/51                      34/106                    62/160  

           06/0                      59/4                      96/18                       84/55                       41/108                   51/161  
                                                    62/4                      97/18                       89/55                       42/108                   49/161  

   3      12/0                      63/4                      23/17                       91/57                       85/110                   62/160  
                                                    69/4                      18/17                       85/57                       85/110                   64/160  

           18/0                       74/4                     54/18                       83/53                       71/108                  60/161  
                                                    76/4                      56/18                       88/53                       66/108                   61/161  

         06/0                      26/6                       76/21                        03/58                        41/110                25/163  
                                                  30/6                       71/21                        00/58                        49/110                  21/163  

   5     12/0                     31/6                     43/20                       84/58                       23/111                 39/162  
                                                  34/6                     48/20                       88/58                       21/111                  42/162  

          18/0                      35/6                     32/21                       45/56                      29/110                  38/163  
                                                  37/6                     34/21                       39/56                       33/110                  36/163  
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