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� �2 +(�� 1
��,  

  

�3�
4 5(6*                                     �,	�-�	�� �-�	.� �/�	0 �
1�2 �3�45��� ��.6 �78������ �19�� ���53�:� �  

           8���-�� � -9�               �-�	.� ��	�� ��453�:� 78����
� ���0��� -�	��  

  

��
�:  

;� <���= >�� ?� @� 	3 ?� ����	� �� 
9���� ���A
9� � ����� ����	  ����� ��B�	C <��= ��.D ?� ��� 	�E�� 
F� 
9� >�G� H�1IJ �,�	K  ?� L�3 �)� .�3�

@�	3 -��G� NO5� �H�1IJ 
��0 
P= �9�	,  @� ?� �G.� 
G�J Q�� <�� .
9�.�� ��	�� ?� 7	�R�P6 � S�  <���= ?� �� 
9� �PK�� S�	
B� �����

 �3 Q�� <�� 	T���� �,�	K U.� <���= ?� �4
�K .���G� �� <GF� ��K 7��� 	G= �� �� ����0 ��	�� �5V�� � �5GK 7�3�	�� ?� 7���? ���1�.�0�, ��  ��

>�� I9 7	,? 7	�R �?���� �����G�0 W����� �����9�	��� 7�3 �9�	, -�VG3 ���.5���?� X�Y�� �, Z�[F� �������� \��K ��.�� ���PR ]�10 � �3 ^����8 _

�0 NO5� H�1��I� >�� �� .�0 `J�� �1��I� ���� ��IJ Q�� <�� @� 
��0 
P= ��5,�� ���	
��� a��9�	��� �, 
��0 _I9 �9�	, � � �	R���
�  ��

 7	,? �I9��, �4
�K �, 
���[� b3�� -� ���G
B� 
P= �� c
9� ���� ;� �4
�K 	E� �� 
��0 �d��K�� U�YB � ���? 	���[� ��6� �^����8 _I9 7e�,

 .�0�, �� 7�����0�� ?� �0�� �fW6 7?�9 >,	� � 7��	
�� � 7��A��9 7�3  

�;<= :)�
�? )�* �fW6 7?�9 >,	� �7	,? ��d��K�� ��4
�K �Q�� <��.  

  

Failure Analysis of a Train Crank Shaft Under Fatigue Loadings 
  

 
Abstract 
Failure of parts may happened under the influence of four parameters, design, materials, production process and improper use or 
combination of these. Therefore, the goal of studying the cause of parts failure is to specify any those parameters and avoid repeating 
them. Crank shaft is an important component of internal combustion engine that experiences a large number of load cycle during its 
service life. Crank shaft is subjected to several forces which vary in magnitude and direction. Most of crank shaft fails in cause of 
fatigue in fillet areas due to bending load. In this research, the failure causes of a train crank shaft were studied using chemical 
analysis, macroscopic and microscopic investigations by optical and scanning electron microscopes, measurement of journals 
surface roughness and radius of fillet and mechanical properties. It was found that the cause of failure is fatigue, but a lot of  
inclusions and probably high roughness and partial decarburizing due to machining have been decreased the fatigue strength.  
Keywords: Crank Shaft, Fatigue, Inclusion, Roughness, Partial Decarburizing. 

  

1 - ���@�  

 c
9� UP= ?� �
 	R	, 	�3 @� ���	[� �,�	K <�PF� ����	  @�

 Ufg= N�O5� �� 	R <�PF� ������� 	, ��
�� 
9� >�G� <�PF� �	�?

 ���,�� 	R <�PF� �� �� ��0 �� 
��[� ����? ��h	  >�� .�0�, U.�

 ��3� �� �f��� H��A
� 7	�R �Y�
� �� �E��B @�]1[.  

�E�� 
F� 
9� >�G� H�1IJ �,�	K <��= ��.D ?� ��� 	

 @� 	3 ?� ����	� �� 
9���� ���A
9� � ����� ����	  ����� ��B�	C

 H�1IJ 
��0 
P= �9�	, ?� L�3 �)� .�3� ;� <���= >�� ?�

 � NJ��� ` � �Y�
� �� � ��,W� <���= ?� @�	3 -��G� NO5�

 <���= >�� 	�E�� H�0 � 	C ?� .
9� ���� ��6�, 7�3 �
9��

�	,��� �, �
�,  �3��K H��A
� -� 	, ���G=� 7�3��, ]�� � �1IJ

 gG= �� <���= >�� ?� ��� .��,90 W�� ������� 7�3 �,�	K X�G� %

 �,���� b�� @� 
F� �� 
9� �4
�K ���0 �� -� ?� �0��

.�
 � �� S�A��   �� �� 
9� @D�� 7��J �, b�� >�� ���[�

� ��0 `J�� @�
9e� ��B�� �� ��P��9 	�j 7��)R��,  �,�	K k=�,

.��	R �G�  

 �0� l9�� �� 
9� �,�	K ����	  @� ����� >�� `J�� ��

 �, 	Y�� ����� �� � ��0 ��Y�� �,���� b�� ?� �0�� 7�3 m	�

 l9�� e�G1� �3 Q�� <�� 
��0 .��0 ���.R�� 7�3 �,�	K

 �� S�A�� �� >�� ?� ����	� �� �5V�� �4
�K ��5GK �4
�K

�
 � ?� �0�� 7�3 b�� . �� �-� bK	D �C �� �P��9 bGK

 ?� �0�� bV�� � �P2� 7�3 ^����8 >�, ���
9�	G3 X�= ��6�

 �0� � ]�	0 k=�, ������ �� �4G3 �
A0 l9�� H��J ^�[
��

 l��	0 
F� W�� �5V�� � 7��F� H�0�1��� ��D	3 .���0 m	�

 `J�� �6�� ���� �,�	K 
P= >��1� �� ���, � ��0 ��Y�� �2�K

 ��D	3 .���0 
9� �,�	K <�PF� �� �G.� b[� 7���� (�1���

 ����� �� (�1��� no�6 @� .��0 �� 	p� 	2 -� ?� e�G1� >��

�	�4, �� (�1��� ?� �0�� H����K 7�P6]2[.  

���PR ��B�� ?� e�G1� �5GK �4
�K ?� �0�� 7�3 m	�1  ?�j�

 	��q� �� �.�� 	��� ������ �� 7����j�� \�dO� H�	AB � ����0 ��

�3� 
9� b�� W�	G� <F� @� ��� 
��� 
��0 �5�� >j�� �	AB .�

 �4
�K ?� �0�� 7�3 m	� .��9� �� 	4��G3 �, �Y�� �� �3 m	� ��

 ���B ����? �, �.�� L�	C� ���WPB � �3 ^����8 �� �5V��°45  
���

���0 �� ]�	0 
A0 ��F� �, ]2  �3[.  

� ����PR ��B�� �� m	� ��Y�� He�G
B� ?� 	4�� ��� >,	� ��Y�

 .
9� Q�� <�� 	IJ b3�� X�4�3 -�? Q�9 ?� �0�� �1h�� 7?�9

 � ��0 ��Y�� �	� ����, 
�W����� s�I9 >�� �� 
9� >�G� ����� ��

 ���0 ]�	0 �Y�� ?� �3 m	�]4[.  

                                                           
1 Fillet  
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 ]�10 �n��= :?� ������= Q�� <�� 
��0 �� 	E�� 	4�� <���=

 �6��K  H��o � � ���� 7����j�� ����PR t9����� <�� ?� ��0 ����

 Q��]4[.  

 -��� �� ���5� ��3�5� ^�K� �� 7��
K�9W�� n��= �� ����?

 �, � ���, �6��K <���= ?� �0�� e�G
B� 
��0 �� 
 	R �Y�
�

 n��= ��3�5� H��2 �� ��� .
��� �PK�� ���o t�= @� ��6� <���

 
9� 
�G3� 7���� �.�� b[� �, >
K��	� �PK��]2[.  

 �B � m	� ]�	0 	, �3 ^�K� H�	E� ?� �P��� m�� ?��3

 �4
�K \��K 	, �3 ^�K� 	�E�� �	�? .
9� ��5� <2�B �4
�K

 t��	� -�VG3 ���R���R <���= �, �e�  � `�?�� � �?���� �����G�0

 � ^�K� @�
9e� 
,�E � ����? �, ^�K� �R����D �^�K� <�0

� 7��A��9 7�3 ^�K� .���� �4
�, ����? <T� ��	  	��q� �C �

�� ���5� u��  �� ���� ���5� 7�3 ^�K� >�� n	O� H�	E� .���0

 ��G= b�� ^�G=� 
.6 ������? NKe�, � ������� \��K 	, ��0

 
9� 	
5�, ����, ��0�, �3 ^�K� �R��5� 
.6 	,]5 �6  �7[ . 

 �, .
9� 	E�� ���G� 	G= 	, W�� ���G� _I9 ?� ^�K� �P2�  >��VG3

7��C  �A�� 	�E�� ��0�, 	� @��W� ���G� _I9 �, ^�K� �D 	3 ��

.
9� 	
5�, �4
�K 	G= 	, -�  �������� \��K 	, W�� ^�K� <�0

�FA2 7�3 ^�K� �� 7��C �, c
9� 	E�� ��4
�K �:�� �, �� 7�

��� � Up���� <�0 7���� 7?��� 7��)R��, 
��B �� 	3 �� W�� 7�3

��� ������� ��� 
.6 	, ��G= ��A�� H�	E� 7� ^�K� �, 
��� 7	�

�P�� 7�3 �� 7	
5�, b�� W�	G� t�9 �	�? c��
�3 <�0 7�

�� ^�K� L�	C��P�� 7�3 ^�K� .���0 7��)R��, �� �.�� <�0 7�

 	, �.6�� <,�J �A�� H�	E� 7���� ���������� 
.6 	, ��G=

��
�3 �4
�K \��K  ]6 �7  �8[.  

 <T� 
=	9	� � ���B 7�3�	,��� �� b[� �����3 7�3�	,���

 ����[� .
9� U.� ����, �4
�K �, 
���[� b��W � �� �e�  7W�G�

) �9��.� 8���� @�EN40C)����3 8���� @� � (3S132 ���� (

 � �	R�R 	2��= ���[�) 7W�G� 	p� ?� Q�� <�� 
K�9 �� ���A
9�

 ^��6 �� (	A� 1 
9� ����]9[: <�� 
K�9 �� ���A
9� ���� ����

�, Q�� �, -�9� 7�����0�� � t9��� 7	�)� <�0 
�P,�J 7���� ��

 �3 Q�� <�� .��0�, � �� �
O9 � �4�	[D ��4
�K X��F
9� ��	G3

 � X��F
9� �� ���0 �� ����� u��  � 7	R �
O�� (�� �� �, e�G1�

 	
5�,  ����? 7��
K�9 U��	� <��� �, ��0 u��  7�3 ���G� �4�	[D

�0�, ��]10[. <�� 
K�9 �� ���A
9� ���� ^���
� 7�3�e�  ?� �K	,

 ^��6 �� �3 Q��2  8���� gT� .
9� ����SAE1548  �
O9 �,

241-285 BHN  _I9 �
O9 �47-52 HRC  ZG= ��2-5 

mm  �e�  ?� ����3 7�3 Q�� <�� � ��� �� ���,AISI 4340  �,

 ���0 �� �
K�9 ��0 	zG� 
�W����� ��
K�9]2[.  

  

  

  

  

 A=��1-  �2<8* = ���	
� /	0 1
� BC8D =B �2�
�
� E
?F,]9[

���� C Si Mn P S Cr Ni Mo V 

BS-
EN40C 

5/0 -

3/0  

35/0 -

1/0 

8/0 -

4/0 
≤ 05/0  ≤ 05/0  

5/3 -

5/2 
≤ 4/0  

2/1 -

7/0 
 ---  

BS-
3S132 

43/0 -

35/0  

35/0 -

1/0 

7/0 -

4/0 
≤ 02/0  ≤ 02/0  

5/3 -

3 
≤ 3/0  

1/1 -

8/0 

5/2 -

5/1  

    

 A=��2-  /	0 1
� )�*;�
0G �2�
�
� E
?F,]12=11[  

���� C Si Mn P S Cr Ni Mo V 

SAE 1548 
52/0 -

44/0  

6/0-

07/0 
4/1-

1/1 
≤ 03/0  ≤ 05/0  47/1 42/1 179/0  --  

AISI 4340 4/0   -- 75/0  --  -- 82/0 85/1 25/0  --  

EN-30B 3/0  22/0 55/0  --  -- 2/1 15/4 3/0  --  

4330-M 3/0  3/0 85/0  --  -- 9/0 8/1 45/0 07/0  

32-CrMoV-
13 

34/0  25/0 55/0  --  -- 3 < 3/0  9/0 28/0  

300-M  43/0  7/1 75/0  --  -- 82/0 85/1 4/0 07/0  

  
38MnVS5 

 

41/0 -

34/0  

8/0-

15/0  

1/1-

6/1  
≤03/0  

06/0 -

02/0  
 --   --   --  

08/0 -

02/0  
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 ���0 	�o ^���
� 7�3 (�� �, ����� 7	�R <�0 ?� �1, �3 Q�� <��

 ���� |� 7�3 b�� ��Y�� k=�, <G= >�� �� ���	R �� 7�����0��

 >�� .��	R �� �1IJ _I9 �� n��= �� �3 ^�K� �, t��	� �� �3 b��

���	R �1IJ _I9 �� ����� 7�3 m	� ��Y�� k=�, ������ �� 	4�� ]2[. 

 _I9 �7�����0�� ?� �0�� ���� |� 7�3 b�� b3�� 
.6 �	��� ?�

 �� � ���� ����[�� 7���
O9 ����,	� ����	
�� e�G1� �3 Q�� <��

�3 b�� ��Y�� �, �4G3 �� ��0 �� ��? �GD�9 ���., k=�, 7��5  7

���0 �� �4
�K �, 
���[� \��K]4[.  

 <d  �� 7����j�� b3�� �Q�� <�� 
��0 <���= ?� ���

 N[� ��Y�� ?� ����� �� �� 
9� Q�� <�� 
A0 �, �3 -�J���� m	
5�

 ��e -�0 m?�� � 7����j�� ��5  -�VG3 7����j�� U
��9 ��

 �G�� �� @5K � Q�� <�� 7e�, 
=	9 �� >j��-�0 @5K  >�,

 >�, 7e�, |��	P� <��� �, �� ��0�, e�, 7��� ?� �0�� 
A0 � -�J����

 �G� >j�� �� ��5� �	�Ko �� >�� >�, >j�� �Q�� <�� � -�J����

��0 �� �	�Ko]4[.  

 >j�� ?� ��?�� ��e �� ����? NKe�, �3 ^����8 �FI9 
�A��

 ����? >j�� m?�� ��e .
9� U.� �	�R �� ��	J ^����8 � -�J���� >�,��

 �� �
 � �� S�A��
6W�  _I9 >�, 7���? ��5  �� 
9� >���� >j��

 	T���B �I��	0 >��D �� `,��� �K	, �� .���� ��6� ^����8 � -�J����

?�Y� 	���[�  7�	,Ra  � (7	,? >�4����)Rz  ]�A��� 	T���B >�4����)

 t��	� �,  ��(<� �	�0.2 µm  �0.625 µm  >�� .��� �
 	R 	p� ��

 t��	� �, l9�
� � U� ��5  l��	0 �� �
���, 	���[�0.25 µm  �

1. 25 µm  ���, ���PR ]�10 ���[� <J��B >��VG3 .�0�,mm 2 

 �0�,]13[.  

  

2- H
@�, I=�  

>�� ��  >���� ?� |� ��IJ Q�� <�� @� 
��0 
P= ��1��I�

 �?���� �, �3 ^����8 _I9 7�����0��25/0  `J�� �9�	, ���� 	
G�P��

 Q�� <�� �
��0 H�1IJ 7�� 	, ���3 -��?� ���p�� >�� �, .���	R

 s�I9 ����9�	��� 7�3 �9�	, :?� ������= �.5���?� >�� .�0 X�Y��

��� �7	,? 7	�R �?���� �
��0 W����� ����PR ��B�� ]�10 7	�R �?�

 _I9 �9�	, � � �	R���
� �b5� -��?� ��Y�9 �
O9 �����G�0

.�5,�� ���	
��� a��9�	��� l9�� 
��0  

 �� 
��0 s�I9 ?� ^�
�Y�� >�,��� l9�� ����9�	��� 	���d�

 ^����8 �� ���PR ]�10 >��VG3 .���	R ��.� ��0 �
��0 
G�J


9� @G� �, m	F
� � 
,�E ��4VMM  ^��C20  
�	0 ?�

Carmar  7	,? ��4
9� l9�� ^����8 �� �FI9 
�A�� |z9 �

 }�9Taylour Hobson  ^��Surtronic 25 .�0 7	�R �?����  

 	
��
���� ��4
9� ?� ���A
9� �, Q�� <�� ���G� ����G�0 t��	�

 ^��Spectrolab  � _I9 `h��� 7�� 	, -� ?� |� .���	R NO5�

 �� Q�� <�� Wq� ?	��� (�� �, �Y�9 �
O9 �m	F
� ^����8 ��B��

 7�	�� �, �30 Kgf  ^�9������ ��4
9� @G� �,Wolpert  X�Y��

.�0  

 ^����8 
G�J ?� <�0 7� ����
9� �1IJ @� u�	O
9� ?� |�

 ��0 	�o ��1,� �, Z,�I� ���G� 7�����0�� � H��	��� l9�� m	F
�

 ������
9� ��ASTM E8M b5� ��4
9� l9�� �25  >�

Schenck Trebel  	���[� � ��0 X�Y�� -� 7�� 	, b5� b���?�

 ���� ^�C ����?� �2�� � ���.� �55� X��F
9� �U�P�� X��F
9�

.��� 
9�,  

 ^����8 ?� ���� 
9�, 7�3 ���G� 7�� 	, ���G� ��
K�9W�� �9�	,

 @G� �, � ^����8 ���C ��F� 	, ��G= � 7?��� `I[� �� �� m	F
�

�� a��9�	��� 7�Carl Ziees Jena  ^��Neophot 32  H��2

.
 	�)�  

 ���	, H��	��� l9�� m	F
� ^����8 
��0 _I9 ?� �
G�J

 �5,�� ���	
��� a��9�	��� ?� ���A
9� �, � ��0Jeol  ^��JXA-

840 .
 	R ��	J �9�	, � �1��I� 
F�  

 ��  H�=gC� �, �9	
9� X�= �, �6�� �, �� 
9� 	�o �, X?e

 Q�� <�� �.5���?� ?� ���� 
9�, }��
� ��C�,	� 7�3 �5[� � ��,W�

 �GP= H�=gC� �, _I9 � �2 	���[� � ����G�0 t��	� -�VG3

.���	R ����[� ��0 	�o `,��� ?� ���� 
9�,  

  

3 - J�� = K2�'�  

 � -� ��0 �
��0 7�3 
G�J �Q�� <�� ����9�	��� 	���d�

 ^��0� �� 
��0 _I91  ��4 ��0 �� ���� -�5�.  

  

  

 1��1- L0�� /	0 1
� F289,  

  

  

1��2-      +��3 A���=; �/	0 1
� �'(�� )�* +�(. F289,

(N: +�� F289,) PF�'� A���=; = (+�<� +�� F289,)  
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