
9. A shaft has a circular cross section with a diameter of 𝑑~𝑁(80, 0.82)  mm and is designed to transmit 

a power 𝐻 = 1  kW. If the allowable shear stress of  the shaft is 𝜏𝑎~𝑁(120, 12
2)  MPa  and the 

maximum probability of failure is designed to be 𝑝𝑓 = 10
−5, determine the minimum shaft working 

speed to transmit the required power. 

 

Solution 

The transmitted power is given by 

𝐻 =
𝑇𝑛

9.55
 

Thus the required torque is 

𝑇𝑟 =
9.55𝐻

𝑛
 

And the maximum shear stress resulting from the torque is 

𝜏max =
16𝑇𝑟
𝜋𝑑3

=
152.8𝐻

𝜋𝑑3𝑛
 

The limit-state function is the actual maximum shear stress subtracted from the allowable one. Failure 

occurs when 𝑌 < 0. 

𝑌 = 𝑔(X) = 𝜏𝑎 − 𝜏max = 𝜏𝑎 −
152.8𝐻

𝜋𝑑3𝑛
 

where 𝐗=(𝜏𝑎, 𝑑). 

Using FOSM, we have 

𝜇𝑌 = 𝑔(𝛍𝐗) = 𝜇𝜏𝑎 −
152.8𝐻

𝜋𝜇𝑑
3𝑛

 

𝜎𝑌 = √(
𝜕𝑔

𝜕𝜏𝑎
)
2

𝜎𝜏𝑎
2 + (

𝜕𝑔

𝜕𝑑
)
2

𝜎𝑑
2            

= √𝜎𝜏𝑎
2 + (

152.8𝐻

𝜋𝜇𝑑
4𝑛

(−3))

2

𝜎𝑑
2 

The probability of failure is then given by 



𝑝𝑓 = Φ(
−𝜇𝑌
𝜎𝑌
) = Φ

(

 
 
 −(𝜇𝜏𝑎 −

152.8𝐻
𝜋𝜇𝑑

3𝑛
)   

√𝜎𝜏𝑎
2 + (

152.8𝐻
𝜋𝜇𝑑

4𝑛
(−3))

2

𝜎𝑑
2

)

 
 
 

= 10−5  

Thus 

Φ−1(10−5) =

−(𝜇𝜏𝑎 −
152.8𝐻
𝜋𝜇𝑑

3𝑛
)   

√𝜎𝜏𝑎
2 + (

152.8𝐻
𝜋𝜇𝑑

4𝑛
(−3))

2

𝜎𝑑
2

                                                                                

=

−(120(106) −
152.8(1)(103)

𝜋(80(10−3))
3
𝑛
)   

√(12(106))
2
+ (

152.8(1)(103)

𝜋(80(10−3))
4
𝑛
(−3))

2

((0.8)(10−3))
2

 

Solving for 𝑛 yields 

𝑛 = 5023 rpm 

Ans. 


