
Mechanical Engineering Department

Lecture 04

October 2023

WORCESTER POLYTECHNIC INSTITUTE
MECHANICAL ENGINEERING DEPARTMENT

DESIGN OF MACHINE ELEMENTS
ME-3320, B’2023

Optional



Mechanical Engineering Department

Topics for today

• Introduction to MathCAD: step functions

• Shear, moment, torsion diagrams: examples w/singularity 
functions
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Internal forces (determination of shear and moment diagrams)

Internal: moments, shear, and normal forces at 
point C

Component FBD

Internal forces and moments
Shear, Normal, and Bending moments

Sections
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Internal forces and moments
Shear, Normal, and Bending moments

Section at point C

x

y

z
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Shear and bending-moment diagrams

A suspended bar supports a 600-lb engine.  Plot the 
shear and moment diagrams for the bar.

1.5 ft 1.5 ft

Method of sections: 
plot using step 
functions + MathCad

Details on 

example that is 

provided in class 

and in notes
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Shear and bending-moment diagrams
Method of sections: plot using step functions + MathCad

ME-3320: example in Mathcad
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Shear and bending-moment diagrams
Singularity functions
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Shear and bending-moment diagrams
Singularity functions
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Shear and bending-moment diagrams
Singularity functions

)(xqLoading function:

Shear function:

Moment function:

dxxqxV = )()(

dxxVxM = )()(
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Shear and bending-moment diagrams
Singularity functions: in-class examples (loading functions)
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Shear and bending-moment diagrams
Singularity functions: in-class examples (loading functions)



Mechanical Engineering Department

Shear and bending-moment diagrams
Singularity functions: example E1

Determine and plot the shear and moment functions for the 
simply supported beam shown:



Mechanical Engineering Department

Shear and bending-moment diagrams
Singularity functions: example E1 - MathCad
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Shear and bending-moment diagrams
Singularity functions: example E2

Determine and plot the shear and moment functions for the 
cantilever beam shown:

F
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Shear and bending-moment diagrams
Singularity functions: example E2 - MathCad
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Shear and bending-moment diagrams
Singularity functions: example E3

Determine and plot the shear and moment functions for the 
beam shown:
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Shear and bending-moment diagrams
Singularity functions: example E3 - MathCad
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• Chapters 1, 3, and 9 of textbook

• Review notes and text: ES-2501, ES-2502

• Author’s: posted in Website of our course

• Solve: posted in Website of our course

Reading assignment

Homework assignment
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