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0.5in. 11.2 10 psi

0.0514rad 2.95 , but

2.8 2.8 2.95 8.26

8.26 2.22

AB
A B

AB

CD
C D

CD

C C D

B C

A B A B

inT L

J G

inT L

J G

π

π

ϕ

ϕ

ϕ ϕ

ϕ ϕ

ϕ ϕ ϕ

⋅
= =

×

= =

⋅
= =

×

= = =

= = =

= + = + o48.10=Aφ
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)�	� '���
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-�&�� 

 
 

•k��T '�
� Y-
c� � YV� 4V)� �
�� 
�� ,
�: L
d�	� '�� �� Q
cd�� 

� �B9%& P ��!��  
7 � ��� �7�� ?� 
��� �7�� ?
M� �����  
�	. 

• ��
��� )T ]N.m([ >    �n� �n5
� 
n� �� �
�� �� P'7 $
%&�
 ,�
�P  �� ����? �&�� �ω  [rad/s] ����! �� ��  ��: 

f = S��� >��	
; �  ��   �'=� 
� ,���  `	
��H[1s-1] 

 

2

P P
T

fω π
= =

•YV� 4V)� �
�� �� ,
�: �� ��  ����! �� ��  
��� ?� ��� ?
M� �7�� �����  
�	. 

 

•�%���� ��')� ?
M� �����
� J/C 
max

Tc

J
τ =

 

�  �
��
�� 
� �-
�  J/C2)�� C2]
=7  
�5�
� ���( #��=� P'��� ��� ���? ��� 

�%�S�
� �  ]
=7 �5�
� i
I�� '�H� ��.   

( )

( ) ( )

3

max

4 4

2 1

2 2 max

solid shafts
2

hollow shafts
2

J T
c

c

J T
c c

c c

π
τ

π
τ

= =

= − =
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��
�� �  ��� S��%� 

(a) 

(b) 
Shaft examples. 

•�  �%& 
���
��� bX
%=� ?� o��T 
�
� p��9�
� ��	+H �� �
��  ��� 

'	
7 ��. �  ��� $
c�� 
� q	+H � 
� �  
Q��
M� �
� �
� ��� ���S�  
M�� 
 
7 �� �� ?� o��T �
� N�� ��9�� ��� 

��
C��
�?! � 
� ��
f� ���1���X� 
,�
� �� 
� ,! �� �0�
��  ��. 
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 �� P���  �
��
�� �  ��� S��%�)��� �( 

Fig.  3.28  Shaft with change in diameter . 

Fig.  3.29   Stress-concentration  factors for fillets in circular shafts  . †  

•�  ��
�� �� �VE ,! �� �
T �	
R�
	 
���A� >'�� �� S��%� ��� �  8� S	 

�C��
��
	  
M��  
7 �� �� 
� 
#������ 
� ��� �  A P��%� ���. 

•#�� 
� ��� �� 
� P 
I��� ?� P �r� 
,�
� �� ��
� > �  � �%�S�
� ��')� 

��� �7�� �  P �� �1��
0& ?�: 

 

•�� �  ,! TC/J ���� �
�� 
� �VE 
��%� � K U��^ S��%� ��� ��� 

�� ?� �� 
%	 ��
)� �� ��  '�! ��. 

max
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k
J

τ =
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�� P���  ��Z 4T
)� ���� 

•���� �
��
�� 
� YV� 4V)� ����� � a/b 
>s�S� ��� �7�� � ����? ���� '�	
�  

�
� �9�� 
� 4V)� �9�V�1� ���. 

Gabc

TL

abc

T
3

2
2

1
max == φτ

•���
�B� 4T
)� ����: 

•�V��� ���� �90E ���� �
��
�� �� P���  
,�
)� ��
�� �0�=� ���. 

•Q
�I3 YV1� �
� 4V)� �
��
�� ��Z 
�� P���  `� ?� ���� YV1� �E
� '�	
� �%	  

� 4�?
� ��� � �	�� �V� �1�	.  
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•��
��� �
�� �� ?� $��C�	� ,
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� P'�! $
2 8� �V)	  
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���� '�	
� O �  �;� ��� �7�� �0�
�� ���� ��.   

 

•���� 4T
)� �� P���  ��'5 O?
	: 

�� P���  ��Z 4T
)� 
� O?
	 ��'5 �-
�
� �
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�� 

•'�� ���A� �^�& 4V)� �  '	�
� �� P��'5 ��
d^. 

• �R5 �  
����	 4%5 
�x  ,
%-� ���AB ���� : 
 

 

 �0- �7�� ��� �
� �I-J� >'��1� ��� ,�'� ,
%-� �5�
� � �9��  k
V� �� 
M	! ?�AB   
� �� ,! ��
)� �
��� �I3 S�	 P'7 P �  ,
�	 #�: K� �9H. 

( ) ( )0 0

shear flow=const.

x A B A A B B

A A B B

F F F t x t x

t t t q

τ τ

τ τ τ

= → − = ∆ − ∆ =

= = = =

∑

( ) ( )0

0

(2 )

2 2

dM p p p q dAt

T dM q d

dF ds

q

d

A

sq

A

τ= = = =

= = =∫ ∫� �

∫=
t

ds

GA

TL
24

φ

• �(�	� N�� ?� P 
I��� 
� ���� ����?) �cH ?�11 (?� ��� Q�
0&: 

x 

dA 

A 

1

2
dA p ds=

•$��C�	� �   �'��� K� K�� ��
d^ 
4V)� )K� #�:( �0�
��  
7 ��. 

2 32 2 ( ) 2

m m m m

m m m m

Tr Tr Tr Tr

tAr t r r t r Jπ π
= = = =

2

q T

t tA
τ = =

rm 

o 
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��� �� ��V�1� K� #�: 
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in.-kip24

2
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2
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ksi34.8=τ
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� 
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in.200.0

in.kip335.1
== CDBD ττ
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٢٥ 

Don't cry because it's over now,  
 laugh because it happened (Dr. Seuss) 
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