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COMBINED BENDING AND 
TORSION 

 

 

Assos. Prof. A. Kutsenko 

 



Plan of lecture 

 

 1. General theory 

 2. The building of diagrams of twisting and 

bending moments for shaft, which is working on 

combined bending and torsion 

 3. Picking up of shafte diameter from strengt 

condition 
 



 

 General theory 

The maximum normal and tangential stresses for the round 

shafts are calculated by the formulas: 

According to the third theory of strength, we get 
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The expression in the numerator is called an equivalent moment: 
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 General theory 

(2) 

Then the calculated formula for the circular shafts will look like: 

Applying the energy theory of strength, we obtain 
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In that case the expression for an equivalent moment is: 
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 General theory 

(4) 

Applying the third theory of strength, we find the calculation 

formula: 

(5) 

Applying the energy theory of strength, we obtain: 
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 The building of diagrams of 
twisting and bending moments  

Let us consider the shaft: 

(Fig. 1) 



 

 The building of diagrams of 
twisting and bending moments  

The numerical dates for a given shaft: 
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 The building of diagrams of 
twisting and bending moments  

Let us determine the moments attached to the 

pulleys: 
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Then the torque applied to the first pulley is equal: 
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(Fig. 3) 



 

 The building of diagrams of 
twisting and bending moments  

Determine the horizontal and vertical components of forces  

P1 and P2 according to the scheme of their location (Fig. 2): 
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 The building of diagrams of 
twisting and bending moments  

Let us consider the stress state  of shaft, which is loaded by horizontal 

forces  (Fig. 4 ): 
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 The building of diagrams of 
twisting and bending moments  

To find the reaction of shaft supports 
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 The building of diagrams of 
twisting and bending moments  

To find the reaction of shaft supports 
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Verification of the reactions of supports, which were determinated: 
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 The building of diagrams of 
twisting and bending moments  

To construct the diagram of the bending moment My 
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 The building of diagrams of 
twisting and bending moments  

(Fig. 5) 



 

 The building of diagrams of 
twisting and bending moments  

Let us consider the stress state  of shaft, which is loaded by vertical 

forces  (Fig. 6 ): 

(Fig. 6) 



 

 The building of diagrams of 
twisting and bending moments  

To find the reaction of shaft supports 
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Verification of the reactions of supports, which were determinated: 
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 The building of diagrams of 
twisting and bending moments  

To construct the diagram of the bending moment Mz 
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 The building of diagrams of 
twisting and bending moments  

(Fig. 7) 



 

 The building of diagrams of 
twisting and bending moments  

To construct a diagram of the total bending moment 
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 The building of diagrams of 
twisting and bending moments  

(Fig. 8) 



 
Picking up of shafte diameter from 

strengt condition 

Determine the calculated moment by the third strength 

theory: 
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3,55195,5965487 22 IIIM Nm 

The diameter of the shaft is determined from the condition 

of strength: 
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We accept a diameter equal to 100 mm. 


