https://mechreview.com

Many machine element analysis problems can be simplified and evaluated by applying the
fundamental concepts of beam theory. In mechanical engineering, a component is often
modeled as a beam if it is a slender member subjected to transverse loads that induce bending
moments and shear forces along its length. This approach is essential for designing safe and
efficient mechanical systems, such as structural frameworks, suspension components, and
machine tool frames. By identifying the boundary conditions—how the component is
supported—engineers can apply specific formulas for shear, moment, and deflection to ensure
the part can withstand its operating loads.

BEAMS

Beams are structural elements that are capable of carrying loads and resisting deformations.

Reference: Shigley’s Mechanical Engineering Design by Richard Budynas and Keith Nisbett
Page 1013 to 1020.

Stresses in beams are fundamental to numerous applications in Mechanical Engineering, where
beams are used to support loads, transmit forces, or resist deformation. Understanding and
applying these stresses is essential for designing safe and efficient mechanical systems. Some
key areas of application are the following:

1. Structural frameworks in machines, vehicles, and equipment.

2. Suspension systems to absorb and transfer loads from wheels to the vehicle body.

3. Support beams in piping and pressure vessel systems handle stresses from weight,
thermal expansion, and vibration.

4. Machine tool frames (e.g., lathe beds, milling machine bases).

5. Overhead cranes and gantries, and many more

Simply-supported beams

Supported at both ends, typically by pins or simple supports, allowing them to rotate but not
translate at the supports. This type of beam can experience bending moments and shear forces
along its length.

A common example of a machine element that behaves like a simply supported beam is a
rotating shaft or axle supported by bearings at both ends. In this configuration, the bearings
allow for slight rotation of the shaft ends while preventing vertical or horizontal movement,
similar to the pin and roller supports found in bridges. When a gear or pulley is mounted at the
center of the shaft, it creates a concentrated mid-span load, allowing engineers to use formulas
for maximum bending moment and deflection to check for structural integrity and precision.
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Fixed Beam

Fixed at both ends, which restricts both rotation and translation. This setup introduces reactions that resist
bending and shear, providing high rigidity and stability.

This setup is frequently found in heavy machine tool frames, such as the beds of lathes or the bases of
milling machines, where high rigidity and minimal deflection are critical for maintaining machining
accuracy. Because these beams are more complex to analyze due to the creation of both bending
moments and shear forces at the rigid supports, they are often used in structural frameworks where the

highest level of stability is required.
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Because the beam is completely symmetrical and fixed
firmly at both ends, the beam deflects perfectly evenly.

FL’
Smax = T, 5 at the midspan
V =WL
max
2
M _ L
max 2
wi’
0 = i at the free end
wi'
Smax =5 at the free end
— WL
Vmax -2
2
WL
Mmax 12
5 = we!

Prepared by: Prof. Anthony James C. Bautista, PME, ACPE, MBA, PhD



https://mechreview.com

Case 1: If W; is defined as the Total Integrated Load (in kN or Ibs)

Total Integrated Load, WT (kN) % = WT
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Because a Fixed Beam is "locked" at both ends, if the machine warms up during operation and the metal tries to
expand, it has nowhere to go. This creates massive internal compressive stresses that could cause the machine
frame to warp or "buckle." In contrast, a simply supported beam can expand slightly without creating internal stress.

Cantilever beams

Fixed at one end and free at the other, allowing them to experience significant bending moments that

increase towards the fixed support. Cantilever beams are capable of supporting loads that extend
outwards without additional support.

A classic example is a lathe cutting tool held in a tool post or an overhanging hoist used for lifting heavy
loads. These components experience significant bending moments that increase toward the fixed support,
which is why they are often designed with reinforced brackets or thicker sections at the base. In practice,
cantilevered designs are essential for structures like balconies, canopies, or any overhanging mechanical
bracket that must bear a load without additional support.
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Used in structural frameworks, walls, and bridges where minimal deflection is desired. Fixed beams are
more complex to analyze because they create both bending moments and shear forces at the supports.

Where: F = concentrated load, in
W = uniform load, Ib/in
L = length of beam, ft
6 = maximum slope, degrees
Vax = maximum vertical shear, Ib
M,,ax = maximum bending moment, Ib-in
6max= maximum deflection, in

E = Young’s modulus or modulus of elasticity
E =30 x 10° psi = 207 GPa
Physical Constants of Materials

| = moment of inertia, in*

e Table AT1 Properties of Sections: from Page 563 Design of Machine Elements 4th Edition by
Virgil Faires
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