
 

 

Assignment/Tutorial 8  
(Rolling Contact Bearings) 

April 13, 2017 
 ME-30602, 2016-17 Spring Semester 

 
 
 

1. Problems 11.1, 11.2, 11.3, 11.5, 11-6, 11-7, 11-12, 11-16, 11-17, 11-19, 11-20, 11-21, 11-
24, 11-25, 11-27 
From Chapter 11 of Shigley’s Mechanical Engineering Design book. (On Rolling Contact 
Bearings). 
 
 

Problem: The worm shaft shown in the figure (a) below  transmits 1000W at 600rpm. A static 
force analysis (assuming the bearing at A takes thrust load) is shown in figure (b). The loads are in 
kN. The desired life is 25kh and the application factor is 1.3. 

 
 

 

(a) For the above case select a 02-series angular-contact bearing at A and a 02-series straight roller 
bearing at B. Combined reliability is 0.99. Since the axial thrust is significantly larger than the 
radial loads and bearing at A is taking the thrust. The chance of failure of bearing B is much less. 
Thus choose a reliability of 0.99 for bearing at A and reliability of 1 for bearing B. The Weibull 
parameters for the ball bearings are  

 

 

    Tutorial 7               March 27, 2014 
ME-351, 2013-14 2nd Semester 

 
Problem: The worm shaft shown in the figure (a) below  transmits 1007W at 600rpm. A static 
force analysis (assuming the bearing at A takes thrust load) is shown in figure (b). The loads are in 
kN. The desired life is 25kh and the application factor is 1.3. 

 
 

 

(a) For the above case select a 02-series angular-contact bearing at A and a 02-series straight roller 
bearing at B. Combined reliability is 0.99. Since the axial thrust is significantly larger than the 
radial loads and bearing at A is taking the thrust. The chance of failure of bearing B is much less. 
Thus choose a reliability of 0.99 for bearing at A and reliability of 1 for bearing B. The Weibull 
parameters for the ball bearings are x0 = 0.02,θ − x0 = 4.139, b = 1.483.  

(b) Now, we would like to select tapered roller bearings both at A and B instead. The FBD in (b) 
will change. In this case, do not show the axial thrust of 2.47kN at A. Rather, Fae=2.47kN 
directed towards A and indentify the bearing that should take the axial thrust. Combined 
reliability for the two bearings is 0.9. The Weibull parameters for the tapered roller bearings are 
x0 = 0,θ = 4.48, b = 1.5.  Select the bearings at A and B by providing the part numbers for 
both the cup and cone. Also note that the rated loads, in figure 11-15 of the book, are given for 
3000h at 500rpm. 
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Problem 11–35
(a) Worm and worm gear; 

(b) force analysis of worm shaft,
forces in pounds.

11–36 In bearings tested at 2000 rev/min with a steady radial load of 18 kN, a set of bearings showed
an L10 life of 115 h and an L80 life of 600 h. The basic load rating of this bearing is 39.6 kN.
Estimate the Weibull shape factor b and the characteristic life θ for a two-parameter model.
This manufacturer rates ball bearings at 1 million revolutions.

11–37 A 16-tooth pinion drives the double-reduction spur-gear train in the figure. All gears have 25◦

pressure angles. The pinion rotates ccw at 1200 rev/min and transmits power to the gear train.
The shaft has not yet been designed, but the free bodies have been generated. The shaft speeds
are 1200 rev/min, 240 rev/min, and 80 rev/min. A bearing study is commencing with a 10-kh
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Problem 11–34
Dimensions in inches.

11–35 The worm shaft shown in part a of the figure transmits 1.2 hp at 500 rev/min. A static force
analysis gave the results shown in part b of the figure. Bearing A is to be an angular-contact
ball bearing mounted to take the 555-lbf thrust load. The bearing at B is to take only the radial
load, so a straight roller bearing will be employed. Use an application factor of 1.2, a desired
life of 30 kh, and a reliability goal, combined, of 0.99. Specify each bearing.
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Assignment/Tutorial 8    

(Shafts) 
April 13, 2017 

ME-30602, 2016-17 Spring Semester 
 

1. Problems 7.1(d), 7.3, 7.9, 7.10, 7.19, 7.20 (For fatigue failure use M-G criterion) 
From Chapter 7 of Shigley’s Mechanical Engineering Design book. (Shafts). 
 
 
 
Note: The problems are picked from 10th edition of the book. In case you have a different 
edition the problem numbers may change. You should check this.  

 
Problem: An AISI 1020 CD steel shaft is to be designed to support the spur gear and overhanging 
worm as shown below.  The shaft speed is 300rpm. The bearing at A takes pure radial load and the 
bearing at B can take axial thrust for rotation of worm in either direction. The radial loads on the 
gear and the worm are in the same plane. The torque transfer between gears and the shaft takes 
place through rectangular keys. Design the shaft by following the steps below. 

 

 
 

 

(a) Draw the diagrams corresponding to bending moment, torque and axial thrust. 

(b) Identify the critical locations and determine the minimum shaft diameter at those locations based 
on a factor of safety of 2 for the shaft. Use static yielding and modified Goodman criteria. 
Maintain a diameter ratio (D/d) of 1.2 and fillet-radius to smaller diameter ratio (r/d) of 0.05 at 
each bearing location. The fatigue stress concentration factors at the keyways are 5.0 for bending 
and 3 for torsion. 

(c) Check for the failure of keys for both the spur gear and the worm. The factor of safety for key 
should be 1.8. Key material is AISI 1006 HR steel. 

 

7–27 A bevel-gear shaft mounted on two 40-mm 02-series ball bearings is driven at 1720 rev/min by
a motor connected through a flexible coupling. The figure shows the shaft, the gear, and the bear-
ings. The shaft has been giving trouble—in fact, two of them have already failed—and the down
time on the machine is so expensive that you have decided to redesign the shaft yourself rather
than order replacements. A hardness check of the two shafts in the vicinity of the fracture of the two
shafts showed an average of 198 Bhn for one and 204 Bhn of the other. As closely as you can esti-
mate the two shafts failed at a life measure between 600 000 and 1 200 000 cycles of operation.
The surfaces of the shaft were machined, but not ground. The fillet sizes were not measured, but
they correspond with the recommendations for the ball bearings used. You know that the load is
a pulsating or shock-type load, but you have no idea of the magnitude, because the shaft drives
an indexing mechanism, and the forces are inertial. The keyways are 3

8 in wide by 3
16 in deep.

The straight-toothed bevel pinion drives a 48-tooth bevel gear. Specify a new shaft in sufficient
detail to ensure a long and trouble-free life.
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Dimensions in inches. 
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Problem 7–26
Dimensions in millimeters. 

7–28 A 25-mm-diameter uniform steel shaft is 600 mm long between bearings.
(a) Find the lowest critical speed of the shaft.
(b) If the goal is to double the critical speed, find the new diameter.
(c) A half-size model of the original shaft has what critical speed?

7–29 Demonstrate how rapidly Rayleigh’s method converges for the uniform-diameter solid shaft of
Prob. 7–28, by partitioning the shaft into first one, then two, and finally three elements.

7–30 Compare Eq. (7–27) for the angular frequency of a two-disk shaft with Eq. (7–28), and note that
the constants in the two equations are equal.
(a) Develop an expression for the second critical speed.
(b) Estimate the second critical speed of the shaft addressed in Ex. 7–5, parts a and b.
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(Shaft problem - second page)










