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Project overview. Design a lightweight rectangular cantilever beam that safely supports a specified end load while satisfying both bending-stress and tip-deflection limits. You will develop and verify a MATLAB model, explore design tradeoffs, and select the minimum-mass feasible design.
Learning Objectives
Apply static equilibrium and Euler–Bernoulli beam theory to a design problem.
Calculate shear force, bending moment, bending stress, slope, and deflection.
Create a reusable MATLAB function and verify it with hand calculations.
Use parameter sweeps and plots to study geometry and material effects.
Select and defend a minimum-mass design subject to stress and stiffness constraints.
Explain assumptions, limitations, uncertainty, and model validity.
Design Brief
Your beam is a simplified model of a bracket, robotic arm, drone support, or shelf. The beam is fixed at one end and carries a downward point load at its free end. Use the assigned values below unless your instructor provides different values.
	Parameter
	Symbol
	Baseline value

	Beam length
	L
	0.50 m

	End load
	P
	150 N

	Allowable stress
	σₐₗₗₒw
	120 MPa

	Maximum tip deflection
	δₐₗₗₒw
	5.0 mm

	Width range
	b
	10–60 mm

	Thickness range
	h
	4–40 mm


Governing Equations
For a rectangular cross section, the area moment of inertia and distance from the neutral axis to the outer surface are:
Section properties: I = b h³ / 12    and    c = h / 2
Fixed-end moment: Mₘₐₓ = P L
Bending stress: σₘₐₓ = Mₘₐₓ c / I
Tip deflection: δₜᵢₚ = P L³ / (3 E I)
Beam mass: m = ρ b h L
For a position x measured from the fixed end, the ideal end-loaded cantilever response is:
V(x) = P
M(x) = P (L − x)
σ(x) = M(x)c / I
θ(x) = P x (2L − x) / (2 E I)
δ(x) = P x² (3L − x) / (6 E I)
Required MATLAB Work
Write or use a function that returns beam response arrays and summary quantities.
Plot shear force, bending moment, stress, and deflection versus position.
Check the maximum stress and tip deflection against the design limits.
Sweep width, thickness, and material properties to identify feasible designs.
Select the minimum-mass feasible design and report its safety factor.
Perform a grid-refinement or convergence check and explain the result.
Test the effect of uncertainty by varying the load, elastic modulus, or dimensions.
MATLAB File Organization
cantilever_beam_analysis.m — reusable beam-analysis function
run_example.m — quick demonstration and plots
design_sweep.m — parameter sweep and minimum-mass search
Place all three files in one MATLAB folder. Run run_example.m first. Then edit the requirements at the top of design_sweep.m and run it to perform the design study.
Verification Checklist
☐ Use one consistent unit system; the supplied scripts use SI units.
☐ Confirm that the maximum moment and stress occur at the fixed end.
☐ Confirm that the deflection is zero at the fixed end and maximum at the free end.
☐ Compare the MATLAB result with the closed-form tip-deflection equation.
☐ Check that increasing thickness strongly increases stiffness because I depends on h³.
☐ Confirm that the selected design satisfies both constraints, not only one.
Deliverables
MATLAB scripts and functions that run without errors
Four labeled response plots
Table of feasible candidate designs
One-page engineering report
Five-minute design presentation
Brief contribution statement from each team member
Assessment Rubric
	Category
	Points
	Evidence

	Mechanics and assumptions
	20
	Equations, section properties, units, boundary conditions

	MATLAB implementation
	20
	Functions, scripts, comments, reproducibility

	Verification
	15
	Hand checks, limiting cases, convergence

	Results and plots
	15
	Accurate, readable plots and tables

	Design optimization
	15
	Feasible minimum-mass design and tradeoffs

	Communication
	10
	Report and presentation

	Teamwork
	5
	Organized files and contribution statement


Model Assumptions and Limitations
The baseline model assumes a prismatic, homogeneous, linearly elastic beam; small deflection and rotation; a perfectly fixed support; and Euler–Bernoulli beam behavior. It does not include shear deformation, stress concentrations, local buckling, large-deflection effects, material nonlinearity, or failure of the support connection. Explain how these assumptions affect the reliability of your design recommendation.
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