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In questo lavoro vengono presentate alcune analisi su di un albero criccato effettuate 
mediante una modellazione 3D ad elmenti finiti non-lineari con ABAQUS sui server 
del CILEA. Queste analisi hanno lo scopo di evidenziare l’effetto di stress termici 
nella simulazione del comportamento statico di un rotore orizzontale affetto da una 
cricca trasversale, sotto l’azione del peso e degli altri possibili carichi statici, e del 
comportamento dinamico dell’albero rotante criccato. La cricca “respira” , ovvero il 
meccanismo di apertura e chiusura della cricca è governato dagli stress che agiscono 
sulla sezione criccata dovuti ai carichi esterni; in una macchina rotante gli stress 
sono dipendenti dal tempo con un periodo uguale al periodo di rotazione, pertanto la 
cricca “respira periodicamente” . Le accurate analisi FEM sono state poi utilizzate 
per convalidare e tarare un modello semplificato dell’albero criccato che permette di 
modellare cricche di forma diversa e di considerare anche stress termici, poiché 
questi ultimi possono influenzare il meccanismo di apertura e chiusura. Lo sviluppo 
di un modello semplificato è necessario per implementare l’elemento criccato come 
una “ trave equivalente”  nei codici di calcolo rotodinamici che di solito considerano 
solo elementi trave. 
�
In this paper some analyses on a cracked shaft, performed by means of a 3D 
non-linear finite element model using ABAQUS running on CILEA servers, are 
presented. These analyses have the aim to introduce the effect of thermal stresses in 
the simulation of the static behaviour of a horizontal rotor affected by a transverse 
crack, under the action of the weight and other possible static loads, and of the 
dynamical behaviour of the rotating cracked shaft. The crack “breaths” , i.e. the 
mechanism of opening and closing of the crack is ruled by the stress acting on the 
cracked section due to the external loads; in a rotor the stress are time depending 
with a period equal to the period of rotation, thus the crack “periodically breaths” . 
The very accurate FEM analyses are then used to validate and tune a simplified 
model of the cracked shaft that allows cracks of different shape to be modelled and 
thermal stresses to be taken into account, since they may influence the opening and 
closing mechanism. The development is necessary in order to implement the cracked 
element as an “equivalent beam” in rotordynamics calculation codes that usually 
consider beam elements. 
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Figure 1. Vibration time history during a windings cooling fluid temperature 
variation in a cracked generator. 
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Figure 2. Vibrat ion t ime history dur ing a var iat ion of the exci tat ion 
cur rent  in a cracked generator. 
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Figure 3. Axial st ress dist r ibut ion, cracked beam clamped at  r.h.s., 
t ransient  - 100°C/min, 5 s. 
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Figure 5. Relat ive axial displacements on crack sur face. 

�
Figure 6. Axial st resses on cracked sect ion. 
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Figure 7. Stress distribution along the vertical diameter passing though the middle of 
the crack. 
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�
Figure 9. Contact  pressure dist r ibut ion, t ransient  +20°C/min, 10 s. 
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Figure 10. Contact  pressure dist r ibut ion over  the cracked sect ion, 
t ransient  +20°C/min, 10 s. 

�



RESEARCH ACTIVITIES ON HIGH PERFORMANCE COMPUTING CLUSTERS AT CILEA – 2006 

 �

 
22 

� � � � � � �5 � �� � �� � �  � � � 	 � � 	 � � � � � � � �  � � 5�  1� )
 � � �  � �  � � � � �� � ��  9�  � � � � �
�	 � � � �� � � 5�  � � 	 �  � �� � �  � � � �. �  � � � 	 � � �  � � ��  � � � �  � �  � � � � � �  � �� � � �  � � �� � � �
	 
 �� �  ��  � � �0� �  �� �� � � �� 5� �	 � �	 �  � �� �  �� � � � �  � �� 5� 
 � �  ��� �� � 	 + � ��� �: �. 5�  �
&%41�� �  ��  � � � �	 5� ��� �� �  �  
 	 �  �� � �+ 	 5�� ��  � 9�  � �  � 1�

Breathing mechanism model validation with temperature 
gradients 

� �  � � �  � � � �� . � �  � � � � �� � � 5�  � � 
 	 � � � �  � � �� � ��
 � � � &� � � 	 �  �� �� � � � � � �
�  � � � ��  � ��� �2' 3�+ �� � �� �  �� �� � ��
 � � ��  � � 	 � �
 	 � �� �  ��  � �  � � � 5�  �. � � � � � � � �
�  � � � ��  � � �  
 	 �  1�)� � �� �+ 	 � � � � � � 	 � �  �  � �  � � � � � � � � � � 5� � �  �" � � � � �� 5�� � �	 � � �
� �  � � 	 � � � 5�� � � � � 
 	 � � � 	 � 	 � � � � � � �� � � � � �� 5�� � �	 � � � � � � � � � � � � � �  � � �� � ��
 � � �
� 	 �  ���� ��  � �. �  � �� 	 ��  � � 	 � 5�  �� �  ��  � 5�� � �	 
 �� �" � �� 	 �  1�

� 	 � �� ��  � � � � � �  . � � ��  � . � � � � � � � � � � �  � �   � � � 	 � � ��  �  � �� � � � � � �  �� �
 
 
  � � � � 	 � �$' B �� � � � ' %B ��  � � � � � � � � � � 1�=�� �  � � �  � � � �  � � �	 � � � 	 
 � � �  � � 	 �  � �
� �  � � � � ���� � � � � � �  � � � 9�� 5� � � � � � �� � �� �  � � �� . � � � �  � � � �  � � � � ( 1' �� C� � $�� � �
� � � �  � � � 	 � 5� � � � �  � � � �� � � � � � � � � � � � � � �   � � � � � �� � �� �� � 	 � �  � � � 	 � .  �  � � �  �
� � �  � �  � �	 
 �� �  �� � �  �	 � �  � �	 
 �� � . � �� 5�  1�

/ 	 � � � � � � � . � � � � � � � � 	 
 � ±&%%</ C� �� � � � � � ±$%</ C� �� � � � �  � �   � � � � � �� � �
� 	 � � �  �  9�  � � � �� � 5� 
 � �  � 	 
 � � �  � � � ��� �  � � � � � � � �  � �  � 5�� �� . � � � �  � �  � � � � � � � �  �
� �  � � � �� . ��  � � � �	 5� �� � �  ��   � �� � �� 5�� �  � �� 
 �  � �' �� �� � � �&%�� ��  � �  � � ��  �� 1�

)
 � � �  �  9�  � � � �� �	 � � � 0�  � � �� . � D� � 	 � � �	 � 4� �� � � 5�  � � 	 �  � � � 	 � � �  � � �  � � � ��
�	 � � �� 
 	 ��	 + �� . � 
 �. 5�  � � � �  � 	 � � � ��  � � 
 	 � � � �  � ' %B � �  � � � � � � � � � � � � � � � �  �
� � � � �  � � �  � �  � � � 5�  � � � � � � � � � � 0M&%%</ C� �� � � 
 �  � � ' �� 4,� : �. 5�  � &&� � � 	 + � �
� �  �� � � 5� � �	 � �� 	 � �  � � 	 � � �� . �� 	 �
 	 ��	 + �� . �� � . 5�� � �� 	 � � � �	 � � ,�� 4�N%<��� 4�&$%<��
� 4�&' %<�� � � �� 4�&E%<1�

: 	 � � � � � �� � � � � . � � � � �  � � � � � � � � � � � 	 � � � �  �� � 	 �  � �� 
 	 � � � � . � � � 
 � 	 � �&E%<�
� 	 � " ( %<� � � � � � �  � � �� � � � �  � � � �	 5� � �� � 
 	 5� � �� � � �  9�  � �  � 1� =�� ��� � � �  � 5�� � �
� �  � 	 � � � ��  � � 
 	 � � 	 � �  � � � � � � � � �  � � � � � � � � � 	 � �  � � � �  � � � �� � � � � � � � � � 1� � 	 �  �
� � � � � � �  � � � � � � � �5 � � 	 �  � � �� � �� � �  � � 	 �  � � �� � + � �� � � � 	 � � � � � � �  � +   � � � �  �
� � � � � �
 � �  � �	 � � 5� � 1�



RESEARCH ACTIVITIES ON HIGH PERFORMANCE COMPUTING CLUSTERS AT CILEA – 2006 

 �

 
23 

  

Figure 11. a) 50% depth crack, after  5 s, temperature t ransient  on the 
outer  sur face –100°C/min, with external loads, angle 90°.  

  

Figure 11. b) 50% depth crack, after  5 s, temperature t ransient  on the 
outer  sur face –100°C/min, with external loads, angle 120°. 
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Figure 11. c) 50% depth crack, after  5 s, temperature t ransient  on the 
outer  sur face –100°C/min, with external loads, angle 150°.  

  

Figure 11. d) 50% depth crack, after  5 s, temperature t ransient  on the 
outer  sur face –100°C/min, with external loads, angle 180°.  
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