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This design exercise will help you constructing a design methodology for a shaft as an example.
You will need to support your decisions scientifically and/or through reasonable assumptions

wherever needed.
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Project:

Design a shaft for power transmission system as shown in the figure. Power is supplied to the
pulley by means of a flat belt and taken from the shaft through the spur gear. The shaft is
supported by two deep groove ball bearings.
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A power of 7.5 KW is transmitted via the pulley from a motor rotating at 900 rpm.

The belt forces are perpendicular to the paper with the tight side being 7; and slack side
being 7,, such that 7,/7, =2.5.

The gear transmits a resultant force at a pressure angle of 20° to the upper gear (not
shown).

The tangential force at the gear is F, (which is perpendicular to the paper) and the radial
force is F, such that F,=F;tan(20)

The diameter of both gear and the pulley is 250 mm.

The design factor is chosen in the range 2.0-3.0.

The material is AISI 1035 HR steel.

The lengths 4=B=C=150mm.
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Requirements:

1. Sketch a general shaft layout. indicating means (i.e. shoulders, keywars and
retaining ring grooves) [5 marks]
1.1 To locate the gear. bearings. and pulley
1.2 To transmit the torque. Grou
1.3 Datum for the axial length and axial dimensions at different positions. 15 Mall"ks
2. Perform a preliminary analysis to calculate the values of: [10 marks]
2.1 Torque
2.2 Belt tensions
2.3 Gear forces.
3. This is a two plane problem so the following must be done for each plane xy
and xz
3.1 Draw free body diagram and find the bearing reaction forces.[10 marks]
3.2 Shear force diagram Individual
3.3 Bending moment diagram Member # 1
4. Resultant bending moment diagram.[ 5 marks] 25 Marks
5. Torque diagram .[ 5 marks]
6. Identify and discuss the possible critical locations (at least three) for stress
design. [5 Marks]
5. Use iterative approach and determine the diameters of the shaft based on
fatigue analysis at first critical location. [10 Marks]
6. Check the factor of safety at remaining critical location(s). Take corrective
action to update the design. if the required factor of safety is not achieved. [5 Individual
marks] Member # 2
7. Select a standard retaining ring for the gear thru an internet search. Clearly 25 Marks
mention the details and the source used for the selection [5 Marks]
8. Make other dimensional decisions necessary to specify all diameters and axial
dimensions. Sketch the shaft. showing all proposed dimensions.[5 marks]
9. Slope and deflection analysis:
8.1 Estimate the deflection and slope at the gear and pulley (in each plane).
[10 Marks]
8.2 Find the resultant deflection and slopes and check if recommended limits Individual
for the gear and bearings (Table 7-2) are satisfied [5 Marks] Member # 3
8.3 If any of the slope or deflections exceed the recommended limits. make 25 Marks
appropriate changes to bring them all within the limits. [5 marks]
10. Also comment whether or not the slope and deflection at the pulley seem
acceptable If required what possible corrective action may be taken [5 marks]
11. Design a square cross-section key for the gear. The least factor of safety 3
i - - p p Group
against shear and compressive failure must be 1.5.[5 Marks] 10 Marks
12. Make a 3D CAD model and 2D drawing of shafts using solid work showing
keys slots and grooves with dimensions. [5 marks]
Project Report

A clearly written and well organized report containing all above requirements.
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Support and Hint to complete the project

Software:
It is recommended to use the “Determinate Beams” module of the free software MDSolids for the
following:

1. Force analysis to get the reaction forces

2. Shear force and bending moment diagrams

3. Slope and deflection diagrams

The download link is as follows:
http://web.mst.edu/~mdsolids/download.htm

Rigidity Analysis (for Stepped Shaft)

The shaft is generally composed of multiple diameters as depicted in the following sketch.
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The rigidity analysis of a stepped beam can be simplified to a an equivalent uniform diameter shaft.
The equivalent uniform diameter d, as follows:

J ld+ld +ld +l,d+1d,
‘ i

The equivalent diameter can be used for estimating the shaft deflections using MDSolids (or any of
the beam deflection methods or).




