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330:148 (g) Machine Design 
Class work – 6 Shaft design      October  29, 2007  

 
1. A machinery shaft is subject to torsion only. The bearings are 8 ft apart. The shaft 
transmits 250 hp at 200 rpm. Allowing for a shear stress of 6,000 psi after the allowance 
for keyways, what should be the shaft size? (Ans 4.25 in) 
2.  A punch press has sufficient capacity to punch 6 holes 1 in. in diameter in a 0.75 in. 
boiler plate. The maximum force exerted acts on the driving crank with a moment arm of 
1.25 in. Considering torsion only, determine the required shaft size that has allowable 
shear stress of 9,000 psi. Take the shearing stress of steel as 60,000 psi. (Ans  8.5 in.) 
 
3. A 15-hp 1725-rpm motor drives a centrifugal pump through a single set of 5:1 
reduction gears. Take the shear stress of shaft material as 6,000 psi. Determine the 
diameter of the shafts on the motor and pump if ordinary steel shaft with standard keys is 
used. (Ans  13/16 in; 1.375 in) 
 
4. A 75-hp motor operating at 90 rpm is to drive a lathe in which the loads may be 
considered to be suddenly applied and the shocks of a medium intensity. The shaft is 
fitted with a standard key. Factor of safety may be taken as 4. Considering torsion only, 
what shaft diameter is required if the shat material has a yield stress of 35,000 psi in 
tension? (Ans  3.25 in) 
 
5. A machinery shaft supported on bearings 8 ft apart is to transmit 250 hp at 200 rpm 
while subjected to a bending load of 1000 lb located at a distance of 2 ft from one 
bearing. Allow a shear stress of 6,000 psi and a bending stress of 12,000 psi.  What 
should be the shaft diameter? (Ans  4.125 in) 
 
6. A shaft is used to transmit 25 kW at 1500 rpm. The material has a yield strength of 300 
MPa. The yield shear stress of the material may be taken as 150 MPa. Assuming a factor 
of safety of 3, find the diameter of the shaft. (Ans  26 mm) 
 
7. For the shaft shown in Fig. The ratio of belt tension for either belt is 3 : 1. The 
maximum tension in the belt is 3000 N. If the ultimate strength is 650 MPa and yield 
shear stress is 400 MPa for the shaft material, determine the shaft diameter and angle of 
twist when the pulleys are keyed to the shaft. G = 0.8 × 105 MPa. Use a factor of safety of 
3. Dimensions are in mm. (Ans  40 mm; 0.014 rad; 0.806 deg) 
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8. A shaft is used to transmit 25 kW at 1500 rpm. The material has an yield strength of 
300 MPa. The yield shear stress of the material may be taken as 150 MPa. In addition, the 
shaft is subjected to a maximum bending moment of 100 Nm due to a pulley. Assuming a 
factor of safety of 3, find the diameter of the shaft. (Ans. 30 mm) 
 
9. A shaft of diameter 60 mm is subjected to a shear stress of 40 MPa and has an angle of 
twist equal to 0.01 radian. Determine the length of the shaft for G = 0.8 × 105 MPa. (Ans. 
600 mm) 
 
10. A hollow shaft must carry a torque of 30,000 lb-in. at a shearing stress of 8,000 psi. 
The inside diameter is to be 0.65 of the outside diameter. Find the value of the outside 
diameter. (Ans. 2.875; 1.875) 
 
11. A 3 ft length of commercial shafting is to transmit 50 hp at 600 rpm through flexible 
coupling from an AC motor to a DC generator. The allowable torsional shear stress of the 

shaft material is 6,000 psi. Determine the required shaft size. (Ans. 
16
111  in) 

 
12. A hollow shaft must carry a torque of 3 400 Nm at a shearing stress of 55 MPa. The 
inside diameter is to be 0.65 of the outside diameter. Find the value of the outside 
diameter. (Ans. 75 mm) 
 
13. The standard cross-section for a flat key which is fitted on a 50 mm diameter shaft is 
16 × 10 mm. The key is transmitting 475 N m torque from the shaft to the hub and is 
made of steel with an yield stress of 230 MPa. Assuming a factor of safety of 3, calculate 
the length of the key. (Ans. 20 mm) 
 
14. A shaft simply supported on two bearings 20 in. apart carries an 80 lb flywheel, 7in. 
to the right of the left bearing. Estimate the critical speed. 
 
 


